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Collector/collection  contains  the  articles,  dedicated  to 
questions  of  thaery  and  practice  cf  the  non  positional  systems  of 
numeration  (to  deparallel izatior  cf  the  operation  of  rounding,  tc  the 
algorithm  of  detection  and  correction  of  errors,  to  the  calculation 
of  elementary  functions,  tc  the  nomographic  method  of  the  image  of 
information),  to  problems  of  informational  simulation  (to  optimum 
layouts  of  the  computer  centers  in  the  republic,  to  the  statistical 
models  of  exchange  systems  by  information,  to  the  tasks  of 
scheduling,  etc.),  of  organization  cf  computers  and  systems,  and  also 
to  use/application  of  threshold  elenents/ce 11s  in  the  logic  circuits, 
to  combinatory  tasks,  connected  tilth  the  development  of  the 
algorithms  of  the  compression  cf  information. 

Collector /collection  can  be  recommended  to  the  wide  circle  of 
the  specialists  in  the  region  of  the  theory  of  coding,  computer 
technology,  combinatory  methods. 


SOME  QUESTIONS  OP  THE  STFOCTOFE  OF  SPECI AL- PU FPOSE  TSVM 
(DIGITAL  COMPUTER]. 

I.  Ya.  Akushskiy,  V.  G.  Yevstigneev. 

The  contemporary  level  of  the  development  of  microelectronics 
makes  it  possible  to  produce  all  devices/equipment  TsVM,  except  zu, 
in  the  micro-ex9cution.  This  means  that  became  possible  the 
construction  TsVM  from  the  large/ coarse  functional  boxes,  which 
contain  100-200  logic  elements,  made  in  the  single  technological 
process.  Memory  units,  bcth  operational,  and  lasting,  are  mcst 
frequently  implemented  on  the  ferromagnetic  carriers,  pierced  by 
electrical  conductors  for  exciting  the  carrier  and  for 
removing/taking  from  it  the  information. 

The  physical  nature  of  the  data  carriers,  and  also  the  proserc 
of  such  specific  for  ZU  assemblies  as  current-operated  keys, 
recording  amplifiers  and  reading,  make  with  its  sensitive  to 
different  environmental  factors,  which  imply  a  reduction  in  its  hig 
speed  and  manufacturability  of  production.  Therefore  at  present  is 
conducted  intense  research  on  an  Increase  in  the  manufacturability. 
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stability  and  high  speed  ZO.  These  qualities  can  be  achieved/reached, 
if  we  make  ZU  in  the  single  technclcgica 1  process,  as  far  as  possible 
which  coincides  with  the  process  cf  manufacture  of  logic  elements 
TsVH.  This  leads  to  the  thought  of  making  all  blocks  TsVM  from  the 
ele  ments/cells,  carried  cot  on  the  identical  physical  basis.  Since 
integral  technology  makes  it  possible  to  obtain  the  high  d®grej  cf 
the  integration  of  semiconductors  (transistors  and  diodes),  then  we 
will  assume  all  blocks  TsVH  integral,  semiconductor. 

In  contemporary  aerospace  TsVH  of  those  having  the  rigid, 
protected  in  DZU  program,  the  instruction  system  counts,  as  a  rule, 
not  more  than  60  operations;  usually  their  15-20. 

Page  4. 

If  program  consists  cf  H  instructions,  then  each  operation  in 
this  program  is  repeated  on  the  average  5  of  times  where  n  - 

quantity  of  digits,  abstracted/re  moved  in  the  instruction  for  th» 
code  of  operation. 

Since  the  same  nuclei  OZO  car  be  used  for  the  solution  of 
different  problems,  then  the  address  of  each  nucleus  ozu  is  repeated 
in  the  program  an  the  average  gUf-sr  of  times  where  m  - 
discharge/digital  configuration  of  instruction. 


A 


Organization  DZU  of  programs 


Lat  there  be  the  program  on  B  of  instructions,  than  location 
counter  must  contain  not  less  thar  Z=log2  a  of  digits.  Let  us  place 
after  counter  decoder  on  M  of  output  combinations.  This  means  that  to 
each  instruction  of  program  corresponds  one  of  M  out puts/yislds. 

After  decoder  let  us  place  N=* 2*  the  OR  gates  whose  outputs/yields 
sill  correspond  to  operations,  and  1=2"-*  the  OR  gates  whose 
outputs/yields  let  us  place  in  the  conformity  to  the  addresses  of 
operands.  The  first  group  of  OR  gates  let  us  name  the  shaping  unit  of 
operations  (BFO)  ,  the  second  -  by  shaping  unit  of  address  (BFA)  .  The 
described  structure  is  depicted  in  figure  1.  From  the  aforesaid  it 
follows  that  DZ3  falls  irtc  twc  parts.  The  first  of  them  is  realized 
by  the  structure  depicted  in  figure  1,  second,  named  zu  of  constants, 
eithar  it  is  included  in  the  composition  QZU  cr  it  is  selected  into 
single  DZU  of  constants. 

Evident  also  that  the  outputs/yields  of  blocks  FBO  and  BFA  are 
represented  by  the  single-progression  code  1-R  and  1-L.  If  N  is  small 
and  the  organization  of  its  single-progression  representation  ioes 
not  cause  technical  difficulties;,  then  L  can  reach  the  value  cf 
several  thousands;  sing le-prcgressicn  re  presentation  of  this  value  is 
little  attractive  due  to  the  unwieldiness.  Here  we  approachfd  a 
guestion  of  organization  CZU  and  D70  of  constants. 


s 
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Fig.  1.  Block  diagram  of  the  formation  of  operation  numbers  and 
addresses. 

Key:  (1).  Location  counter.  (2).  cf  digits.  (3).  Decoder.  (4).  s  of 
outputs/yields.  (5) .  operation.  (6) .  address. 

Page  5. 

organization  ozu. 

The  classical  diagram  of  organization  of  OZU,  depicted  in  figure 
2a,  provides  for,  as  a  rule,  two  steps/stages  of  the  conversion 
(deciphering)  of  address. 

Index  registar  OZU  (PrA.)  usually  conditionally  is  divided/marked 
off  into  two  parts  (desirably  identical)  ,  one  of  which  is  designated 
as  index  register  x(PrAx),another  -  as  index  register  Y  (PrAy).  Decod  ars 
DShX  and  DSh Y  are  first  stage  of  the  conversion  of  address.  Their 


W 
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outputs,  represented  in  single-progression  cods,  ars  directed  into 
the  memory/memcrizing  matrix/die  P,  where  in  the  points  of  the 
intersection  of  busbars/tires  X  and  Y  are  established/installed 
storage  eleaents;  their  quantity,  equal  to  X«y  determines  capacity 
OZO.  Matrices/dies  M  it  is  the  second  step/stage  of  the  conversion  cf 
address. 

If  in  the  structure,  represented  in  the  figure  2a  each  address 
OZU  is  a  conjunction  of  variafcle/alternatina,  then  in  the  structure 
in  figure  1  each  address  is  the  logical  function,  comprised  cf 
different  number  of  disjunctions  of  conjunctive  terms  from  h  cf 
variable/alternating.  The  address  cf  the  nucleus  of  ozu  of  structur* 
in  figure  2  can  be  registered  in  the  form 

a*  _ *v 

2  2  2 

where  i=  1 ,  2,  ...,  1. 
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Fig.  2.  Block  diagram  of  the  formation  of  addresses  of  OZU. 

Kay:  (1).  Indax  register.  (2).  counter  of  instructions.  (3).  tniax 
register.  (4),  digits.  (5).  Decoder.  (6).  outputs/yields. 

Page  6. 

This  recording  is  valid,  when  numerical  length  l  is  even;  with  l 


iii 

A=  A®i— ai-i]*[A®i-i  flf-i  .  .<*i]  ... .  (1') 

i  *  1  »  +z 


Expression  (1)  and  (1*)  make  legal  two-stage  deciphering 
addresses.  The  address  of  the  nucleus  of  OZC  of  structure  on  figure  1 
can  be  registered  in  the  form 

A-V0A...Q*.  <2> 

1 
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where  Q*  =  Aa..  i=*l,  2 . /,*  =  !,  2,...,  M. 


A  quantity  of  the  conjunctive  terms  Q  lies/rests  in  the  range 
from  k=0  to  k=t)  and  depends  on  the  degree  of  utilization  of  this 
nucleus  oztl  in  the  program. 


From  expression  (2)  it  fellows  that  the  two-stage  deciphering  cf 
address  in  that  form  in  which  it  is  allowed/assumed  by  expression 
(1),  for  the  structure  in  figure  1  is  in  general  not  applied. 

However,  sometimes  certain  similarity  of  the  two-stage  deciphering  cf 
address  to  obtain  is  possible.  Thus,  during  the  installation  cf 


specialized  BTsVH 


Chigb-speed  digital  computer]  cn  to  the 


boat  of  multiengine  aircraft,  the  program,  comprised  for  cr,r  erigir.=  , 
can  be  repeated  for  other  engines  with  the  appropriate  constants, 
input  and  output  data.  For  this  it  is  necessary  to  only  hav«»  the 
special  (index)  register  the  contents  which  will  be  changed  per  unit 
after  each  cycle  of  the  work  of  program.  Entire  program  they 
divide/mark  off  into  some  quantity  cf  sections  and  at  the  end  of  each 
of  them  are  changed  content  of  index  register  per  unit.  A  quantity  of 
sections  must  be  selected  by  such  sc  that 

21™"' -Na,=Na,, 

where  -  quantity  of  digits  of  index  register; 


N Ax,  NA¥  -  quantity  of  outputs/yields  of  decoders. 
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Then  the  diagram  of  the  formation  of  address  cf  OZU  will  take  the 
form,  depicted  in  figure  2b. 


Page  7. 

In  this  case  is  retained  the  address  principle  of  rotation/access. 
Since  for  each  task  there  is  its  set  of  constants,  than  the 
recurrence  of  the  addresses  of  ccrstants  is  very  low.  it  is  possible 
to  entirely  exclude  it,  and  then  will  become  possible  two-  or  more 
stepped  deciphering  cf  address.  But  volums  of  DZU  of  constant  it  car. 
prove  to  be  very  large;  therefore  let  us  consider  the  possibilities 
of  its  decrease. 


DOC  *  81024101 


PAGE  ft 


Bach  high  constant  (number)  can  be  prasentod  in  the  form  of  th : 
sub  of  the  representatives  of  the  classes  of  unity,  tens,  hundreds, 

n 

etc.,  i.s.,  K=Zk,„  where  i=1,  2,  ...,  n  -  quantity  of  classes;  j=0,  1, 
2,  ...,  9  -  quantity  of  constants  in  each  class.  For  example,  a 
number  3427=3000  +  400*20*-7.  It  means,  instead  of  one  high  constant 
3427  it  is  necessary  to  preserve  four  small  ones  and  to  fulfill  four 
operations  of  addition.  But  indeed  such  low  constants,  for  example, 
for  range  P=0-4096  it  is  necessary  to  have:  unity  -  10,  ten  -  9, 
hundred  -  9,  thousand  -  4,  in  all  -  32.  After  decomposing  them  to 
four  groups  (class)  of  unity,  ten,  hundred  and  thousand,  we  will 
obtain  that  for  calculating  any  high  constant  in  the  instruction 
system  BTsVM  it  is  necessary  to  have  the  special  four-address 
instruction,  in  which  are  indicated  the  addresses  of  the  lew 
constants  from  each  group,  which  are  subject  to  addition.  The 
capacity  DZU  of  constants  for  this  range  becomes  constant  and  with  an 
increase  in  the  latter  increases  very  slowly.  The  dependence  cf  the 
capacity  DZU  of  constants  on  the  range  takes  the  form 

0,1  +\gvm,k  -l+lg(P+l). 

During  thi3  organization  DZU  of  constants,  on  one  hand,  is 
reduced  its  capacity,  on  the  ether  hand,  appears  the  need  for 
spending  time  on  the  formation/education  cf  high  constant.  In  viaw  of 
the  smallness  of  the  capacity  DZU  of  constants  it  can  be  carriad  out 
on  the  semiconductors  (for  example,  on  the  diode  matrices/dies)  with 
the  high  speed  operation. 
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For  further  decrease  of  time  fcr  the  f  or  matior./educati  or.  of 
constant  it  is  necessary  tc  have  an  adder  with  the  high  speed 
operation,  desirably  single-cycle.  Best  for  the  present  instance 
the  adder,  which  works  in  the  nen positional  numeration  system,  f 
exampla,  in  the  residual  classes. 


is 

or 


Let  us  consider  one  additional  version  of  the  organization  dzu 
of  constants.  Let  it  be  in  the  pregraa  it  used  by  N  of  n-bit 
constants.  The  shaping  unit  of  the  address  of  constants  is  diagram 
with  t-  input  and  K-  outputs/yields,  i.e.,  (t,  N)  -  pole.  DZU  itsel 
of  constants  is  diagras  with  input  and  n-  cutputs/yields,  i.e., 

( M,  n)  -pole.  Task  consists  of  the  replacement  of  these  two  (L  »)  • 
and  (N,  n) -poles  one  (l,  n)-pole. 


Page  8. 

If  we  examine  the  task  of  synthesis  separately  for  each  of  the  n 
digits,  then  we  will  have  n(i,  1) -pcles  to  each  of  which  will  b“ 
distinctive  maximum  H/2  disjunctions.  But  if  we  for  this  diagram  us 
the  methods  of  the  synthesis  (l,  c) -poles  than  possible  in  certain 
cases  it  will  substantially  simplify  logic  circuit. 
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Let  as  nans  this  aethod  cf  organizing  DZO  the  constants 


no-  ad  drsss. 


organization  for  transfer  of  control. 


The  instructions  of  transfer  of  control  (conditional  and 
unconditional  transfers)  occupy  in  any  progran  the  considerable 
place.  The  special  feature/peculiarity  of  these  instructions  lies  ir. 
the  fact  that  they  act  not  on  the  operands,  but  on  location  counter, 
changing  the  natural  order  of  its  vert. 


The  code  of  the  operation  cf  transfer  of  control,  formed  with 
the  shaping  unit  of  operation  of  BPC  in  figure  1,  determines  the 
eoeent/torgue  when  contents  of  location  counter  aust  be  chanq^d  to 
the  larger  or  sealler  side.  Value  and  direction  of  change  are 
assigned  by  the  code,  which  stands  in  the  address  part  of  the 
instruction.  Ltt  us  consider  the  different  methods  of  changing 
contained  location  counter. 


Pigure  3e>  depicts,  the  aost  widely  used  aethod  of  changing 
contained  location  counter  when  tc  the  register  of  transition  is 
brought  in  the  code,  registered  in  the  address  part  of  the 
instruction,  and  fros  the  latter  it  is  rewrited  into  location 

counter.  In  this  counter  circuit  besides  the  calculating  must  have 
even  and  adjusting  input.  A  quantity  of  digits  of  the  register  of 

transition  sust  be  equal  to  a  quantity  of  discharges  of  location 
counter. 
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Pig.  3.  Schematic  of  a  change  in  contained  location  counter. 

Key:  (1).  Register  of  transition.  (2).  per.  (3).  Adder.  (4). 
Register,  per.  (5).  Diagram  cent.,  "0".  (6).  Location  cour.trr. 

Page  9. 

If  diagram  for  the  formation  of  each  jump  operation  is  {l, 
1)-pole  then  the  diagram  cf  the  formation  of  the  code  of  transition 
consists  of  q(l,  l) -poles  where  q  -  quantity  cf  different 
instructions  of  the  transfer  of  control  (for  example,  if  we  in  the 
instruction  system  eat  instructors  BP,  0P(*),  DP(-),  0P(0),  th^n 
q*4) ;  l  -  quantity  of  discharges  the  register  of  transition. 


Figure  3b  iepicts  another  version  of  the  schematic  of  a  chsngs 
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in  contained  location  counter.  Here  th®  cod*  cn  the  ragister  of 
transition  is  formed  by  the  algebraic  addition  of  contained  location 
counter  and  value  of  a  change  in  the  code  of  the  latter  (step/pitch 
of  transition) *  i.e.» 

n.p en,p  sc.,«. 

On  the  register  of  transition  ws  have 

Transition  froe  tha  formation  of  the  full/tot al/coaplet®  code  of 
transition  tnap  to  the  formation  cf  the  code  of  the  step/pitch  of 
transition  allows  from  the  diagram*  which  contains  q  (l,  l)  -  poles,  to 
switch  over  to  the  diagram*  which  contains  q (tw  m) -poles  where  m  - 
quantity  cf  bits  of  code  AM»,  which  can  be  done  considerably  small?- 

t. 


A  deficiency/lack  in  this  diagram  is  the  presence  of  adder: 
however*  its  functions  can  be  in  certain  cases  transmitted  to  th® 
adder  of  arithmetic  unit. 


The  modification  of  the  described  diagras  is  the  diagram* 
depicted  in  figure  3c. 


The  step/pitch  of  transition*  formad  with  the  appropriate 
diagras*  with  sign  (♦)  or  (-)  will  be  brought  in  in  PrA„„.  This 
registar  must  ba  carried  cut  in  the  fora  of  counter  or  shif* 


J 
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register.  The  diagram  of  check  of  zero  opens/discloses  valve  3,  ar.i 
one  of  the  valvas  B*  or  B3.  Beference  frequency  fon,  entering  irPrA„tp, 
reduces  its  contents  to  0.  This  acaent/torque  is  monitored  by  the 
diagraa  of  check  which  clcses  the  open  valves.  The  quantity  of 
inpulses/momenta/pulses,  spent  cn  resetting  tc  zero  PrAn.P.  was  carried 
to  the  bidirectional  counter  cf  instructions  the  contents  which  was 
changed  to  valui  A»«p.  Frequency  fon  can  be  selected  sufficiently  high, 
and  bit  configuration  PrA„.p  -  it  is  sufficient  low.  But  if  value  A„,p 
-  is  greater  than  can  contain  PrABtp,  then  in  the  program  it  is 
possible  to  pl?-ce  two  or  more  instructions  of  transfer  of  centre  1  in 
a  row  then  so  that  the  tctal  code  cf  transition  would  be  equal  to 


Page  10. 


Ai+A*+...  +A„!»>*ABBP. 


Since  value  A„p  carries  random  character,  then  th®  optimum  bit 
configuration  of  register  PrAa,p,  prcbably,  will  be  equal  to  leg*  the 
mathematical  expectation  cf  all  values  A„,  of  this  program,  i.  3., 

lof* 

Finally  the  bit  of  register  PrABtp  should  be  chosen  only  after  th® 
analysis  of  concrete/specific/actual  program  taking  into  account  of 
high  speed  and  equipment  expenditures. 

On  the  basis  of  entire  of  that  presented  it  is  possible  to 
propose  structure  Tsvi  with  the  wired  program  (Fig.  4). 
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The  work  of  TsVM  indicated  occurs  thus. 

1.  Under  interaction  of  cadence  generator  contents  of  counter  of 
commands  increases  per  unit. 

2.  Shaping  unit  of  address  EFA,  carried  out  in  the  form  cf  lcgic 
circuit,  forms/shapes  addresses  of  nuclei  OZ'J  in  single-progression 
code.  Let  us  name  their  address  Y. 

From  the  output/yield  of  the  register  of  indices  is 
formed/shaped  single-prcgressicr  address  OZU  (address  X)  . 

The  shaping  unit  of  constants  BFK,  carried  out  in  the  form  of 
logic  circuit,  forms/shapes  constant,  if  the  same  is  necessary  on 
this  stroke/cycle  of  th«»  work  cf  location  counter. 

The  shaping  unit  of  operations  BFO,  carried  out  in  the  form  of 
logic  circuit,  forms/shapes  the  single-progression  code  of 
operations;  to  each  operation  ccrresponls  single  output/yield . 

3.  If  is  formed  address  cf  nucleus  of  OZU,  then  is  produced 
reading  of  operand;  if  there  is  no  same,  then  is  used  formed 
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constant. 

4.  If  is  formed  arithmetic  or  sending  operation,  then  arithmetic 
unit  implements  it. 

If  is  formed  the  operation  of  transfer  of  control,  then  ths 
shaping  unit  of  the  transitijer  EFP  together  with  location  counter 
iaplaments  it. 


Fig.  4.  Block  diagram  of  TsVH  with  the  wired  program. 

Key:  (1).  Index  register.  (2).  location  counter.  (3).  Arithmetic 

unit. 

Page  11. 

From  the  description  it  is  evident  that  with  the  work  of  tnis 
TsVH  is  not  implemented  one  traditional  stroke/cycla  -  reading  of 
instruction  of  DZU,  what  it  was  possible  to  achieve,  after  replacing 
this  process  with  the  set  of  logical  blocks. 

Questions  of  the  equipment  realization  of  TsVM  of  this  structure 
represent  the  object/subject  of  further  experiments,  since  it  is 
closely  related  to  the  specific  problems  and  the  programs. 
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Of  construction  of  nomograms  in  numeration  system  in  the  residual 
classes  (SSOK). 

I.  Ya.  Akushskiy,  A.  Ya.  E'yanzin. 

The  nomographic  methods  of  the  solution  cf  problems  possess 
large  simplicity  and  clarity.  Ncjrcgrams  are  compact,  and 
response/answer  through  them  is  located  rapidly.  However,  the 
accuracy  of  the  solution  is  limited  by  the  sizes/dimensions  cf 
drawing  and,  as  a  rule,  it  is  lew. 

In  work  [1]  for  the  purpose  cf  an  increase  in  the  accuracy  is 
done  the  attempt  to  consider  a  question  of  the  practical 
use/apolication  of  a  system  of  nomograms  in  SSOK  for  the  solution  of 
some  problems.  However,  in  it  are  illuminated  the  particular  sides  of 
this  question  and  the  proposed  technical  realization  is  limited  to 
nomograms  with  the  rectilinear  scales. 

Work  [2]  examines  tte  possibility  of  designing  of 
device/equipment,  capable  of  using  with  th9  nomograms,  which  have 
arbitrary  scala  shape.  The  proposed  in  works  [1]  and  [2]  solutions 
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assume  the  need  of  stocinc  the  periodic  answer  scale,  which 
introduces  the  considerable  unjustified  redundancy.  Furthermore,  it 
is  difficult  to  use  nomograms  fcr  the  reverse  operations  as  a  result 
of  the  ambiguity  of  the  marks  of  the  answer  scale. 

In  work  [3]  these  deficiencies/lacks  are  somewhat  reduced,  but 
they  are  net  eliminated.  This  is  connected  with  the  fact  that  during 
the  construction  of  nomograms  on  the  independent  foundations  and 
during  the  determination  of  response/answer  on  them  is  used  the 
positional  reprasentation  (image)  teth  scale  of  nomograms  and 
resolving  straight  lines. 

Transition  to  the  nonposit icral  representation  of  the  scales  cf 
nomograms  and  resolving  straight  lines  will  make  it  possible  to 
reduce  the  deficiencies/lacks  indicated  and  to  obtain  the 
qualitatively  new  properties  cf  nemegraas. 

This  work  is  dedicated  tc  questions  of  construction  and  research 
of  different  functional  dependences  taking  into  account  the  specific 
character  of  deductions  concerning  irodul us/module  p,  since  precisely 
these  questions  play  prircipal  role  in  construction  and  use  cf 
systems  of  nomograms  SSOK. 


Page  13 
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For  this  let  us  introduce  some  ccrcepts  and  we  trace  the  properties 
of  the  functions,  examined  on  the  bounded  set  of  integers. 

Plane  of  integers  on  modulus/module  p  (l^zlp) 

The  locus,  that  corresponds  tc  many  regulated  pairs  cf  numbers 
in  set  \ZXZ\p,  where  \ZXZ\P  =  \Z\PX\Z\P,  Z  the  set  of  integers,  \Z\P 
the  set  of  the  integers,  undertaken  on  modulus/module  p;  let  us  natn 
its  plane  of  integers  on  aodulus/mcdule  p  and  let  us  designat  e  Ip- 

Since  [ZXZ\pczZxZ,  to  plane  |n*|,  corresponds  only  the  part  cf 
the  points,  which  lie  on  the  plane  cf  integers  II* . 

Lat  us  point  out  some  properties  of  plans  |nz|p. 

1.  Plane  |n*|,  is  limited,  since  it  contains  pXp  points. 

Consequently,  all  points  of  plane  |Hz|p  lie/rest  squared  by 
size/dimension  ( p—  1 )  (p-1). 


2.  Plane  |IIzl,  contains  only  points  with  positive  integer 
coordinates  x  and  y  and  is  representation  of  entire  plane  11* ,  mornov 
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any  point  of  plane  IIz  una  *  biguously  is  sapped  into  point,  which  lifs 
on  plane  I n zip,  and  tc  each  point  cf  plane  |IIzl,  corresponds  countless 
number  of  points  of  plane  IIz. 

Straight  line  on  plane  |IIzlp 

Straight  line  on  plane  |IIzfp  we  will  call  locus,  which  satisfy 
the  equation  of  the  form 

|A*+Bjr+C|,  =0,  (1) 

where  x,  y.  A,  B,  C,G|Z|p. 

Since  plana  |IIz|p  is  the  representation  of  °ntira  plane  IIz ,  of 
straight  line  \Ax+By+C\f=Q  on  plane  IIz  it  corresponds  the  family  of 
the  straight  lines  of  the  form 

4x+By+C=0, 

Where  a=\a\,,  B=|B|,,  C=|C|,,  y=\~y\„ 

A**A( mod  p),  B^fl(mod  p),  C*«C(mod  p),  *a«*(mod  j>), 
ymmy(mod  p). 


Page  14. 

By  straight/direct  cn  plane  Uz  we  understand  the  point  set  of 
the  straight  line  Ax+By*C=0  with  the  integral  coordinates. 
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on  plane  |n*|,  of  straight  line  with  the  angular  ones  coefficient 
k  let  us  name  the  point  set  of  plane  |n*|,t  of  coordinate  of  which  they 
satisfy  the  equation  of  the  fern 

y**\kx+b\p,  (2) 

i  where  k,  b,  y,*e|Z|j,. 

i 

v  Straight  line  (2)  on  plane  nz  corr  as  ponds  the  family  of  the 

*  straight  lines  of  the  for* 

f 

( 

y  =  kx+b, 

{  ~ 

<■  where  y=y(mod  p),  x=x(mod  p),  *s**(mod  p),  b=*b{mod  p). 

The  equation  of  the  form 

,  y  =  I  kx  | „  (3) 

determines  the  straight  line,  passing  through  the  origin  of 

i  coordinates. 

i 

Lat  us  point  out  seme  properties  of  operations  with  the  smallest 
positive  remainders/residues,  which  escape/ensue  from  the  properties 
of  comparisons  [4]  and  necessary  fer  the  following  presentation. 


1. 
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4.  |al,«a,  if  o$a<p. 

5.  If  |«— 6|,=0  and  0<a<p,  0<b<p,  then  a~b  =  0. 

6.  If  |fl— &j,=0,  then  |«|,— 1#|,— 0. 

iuU 

7.  If  la'hl^O.  Moreover  0<a<p,  0<b<|>4  P  -  prime  number,  then 
either  a=0  or  b=0. 

8.  If  |o.J>|,-0,  then 

9.  if  0  and  0<a<p,  0<b<p,  than  a=0. 

10.  if  then  |«|,*0. 

11.  If  a* 0,  then  M,— 0. 

12.  If  |a+hl,=0  and  0$a<p,  C<b<p,  then  either  a®0  and  b=0  or 


a*b*p 
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If  the  absolute  value  cf  number  a  is  lever  than  p,  then 
|-a|,=p-a. 

Page  15. 

Properties  of  straight  lines  on  plane  |nz|p 

Through  any  two  points  of  plane  |n*|p  it  is  possible  to  draw 
straight  line  and  besides  only  cne. 

Proof.  Let  on  plane  |IIz|p  be  given  two  arbitrary  points  A(xlr  yt) 
and  B(x2#  y2).  Through  these  points  on  Cartesian  plane  n  we  carry 
out  straight  lina;  this  is  possible  in  view  of  the  axiom  of  geometry, 
such  straight/direct  single.  Its  equation  takes  the  form 

Key:  (1) .  if. 

or 

y=kx+b, 

where 

k  =  y-±~yi  h _  Vxx*-Vi*i 

*i-*x’  x,-x,  • 

If  x2=Xj  or  y2-yi#  then  the  equation  of  straight  line  will 
respectively  take  form  x=xt  or  y=yt. 
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During  the  construction  by  straight  line  on  plane  \riz\p  ar? 
possible  two  cases. 

1.  *—  xl—x]  integer,  s sailer  p. 

Then  to  tha  straight  line  y=kx+b  on  plane  n* , passing  through  two 
points  A  and  B,  corresponds  single  straight/direct  y=l**+*lj>*  passing 
through  the  sane  points  on  plane  |n*|*.  since  any  point  of  plane  IIr 
unambiguously  is  mapped  into  point  on  plane  |n*|,. 


2.  h=ya-yl/x2-*l  -  net  integer. 


We  carry  out  direct 


-teL* 


+ 


on  plane  n* ,  angular  coefficient  of  which  [  jiCjjJ,  ~  whole,  obtained  as  a 
result  of  the  formal  division  yj-y*  on  »2-xt  cn  modulus/mcdule  n.  Tc 
it  corresponds  the  unique  straight  line 


on  plane  |II*  \,. 


y  = 


(h-Vi  x  I  rty,-x,yt  [  I 

*j— X1  p  Xt-Xi  Ijl* 


Page  16. 

Lat  us  show  that  points  A(x,,  yt)  and  B(x2,  ys)  lie/rest  cr.  this 
straight  line.  (Actually/really  cn  the  basis  cf  properties  i-11). 
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y  = 


y«-y> 


*1+ 


*l“*l  W# 


yi(*i-*i)l  _ i ..  I  = 


*»-*i  ip 


=lyilp=J/i. 


since  yi<p. 


Is  analogous 


since  y2>p. 


y  =  ?=?xf+  =** 

Xf  —  X*  Xf-Xi  p 


Let  us  show  that  line  y  — 


Vf=£  *  + 

x»  *i  p 


-  is  unique. 


x»~*i  Iplp 

Actually/raally  let  us  assume  that  there  is  another  straigh*  line 
y=\k\x+bx\9,  which  passes  through  points  A(x1#  yt)  and  B(x2,  y2)  .  Let 
us  determine  kt  and  bt  frcm  the  condition  that  the  coordinates  of 
points  A  and  B  satisfy  the  equation  of  this  straight  line,  i.e.f 

yi*=  |  feiXi  +  hj  j  f, 
y2= 1^2*2+  &j|p. 

Subtracting  yj  Cron  y2,  we  will  obtain  on  the  basis  cf  propertir-s  A 

Vi— Vi*  | *!<**— *l)lp- 

Since  y2  and  yt  is  less  than  p. 


1^2— V\lP—  |*i(*2— *t)ip-0 


or 


with  x2-x,£0. 


— yi — *i(*a — *iXp=“  —  *1  #‘l*i-*ilp=° 
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Since 


that 


hence 
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|*i— xil^O, 


0. 


From  expression  y,=lMi+bil,  let  us  find  b,. 

Since  |j/i— »1*l|#<p  and  IM,<j»,that 


whence 


s  straigh 
unique,  since  k^=k,  bt=b. 


Consequently,  the  straight  line,  passing  through  two  giver,  points. 


Level  (3)  with  different  k  =  0,  1,  p- 1  determines  on  plan* 

111*1,  pencil  of  straight  lines  with  the  center  in  the  beginning  of 
coordinates. 

in, 1, 

Theorem  1.  Through  any  point  of  plane  ^  passes  either  the  ax 


of  ordinates  x-0,*e|Z|,, 


cr  certain  straight  line  of  bundle  vitr.  t 
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center  in  the  beginning  cf  coordinates. 

Proof.  Since  through  two  pcints  of  plane  !IIz|*it  is  possible  to 
draw  straight  line  and  besides  cnly  one,  then  two  lines  of  bundle  do 
not  have  common  points,  except  the  crigin  of  coordinates.  Bundle 

’  -i 

contains  p  of  lines  (since  k  =  C,  1,  2  ...,  p- 1 ) ,  and  each  line  of  th« 
bundle  contains  p-1  points,  except  the  origin  of  coordinates. 

*  Consequently,  entire  pencil  cf  straight  lines  contains 

’  P  (P~  1)  ♦  1  =p*-p*  1  cf  points.  If  ere  considers  that  the  axis  cf 

i 

'  ordinates  has  p-1  points  (excluding  point  (0,  0))),  then  in  all  it 

will  be  p‘-p*Ups1»p*  points.  Eut  this  is  the  total  number  of  pcints 
of  plane  lITj^.that  also  proves  theorem. 

Hutual  location  of  points  and  straight  lines  cn  plane  |nzl, 

i 

t 

The  point  of  intersection  cf  two  straight  lines  we  will  call  tha 
coaaon  point,  which  belongs  simultaneously  to  both  straight  lines. 

Straight  lines  on  plane  {11*1,,  these  not  having  common  points,  l  =  r 
us  nams  parallel  lines. 

Lsmma  1.  Two  ncncoircident  straight  lin«s  on  plans  {n*l,  car. 


either  intersect  only  at  cne  point  cr  not  to  intersect  generally. 
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Let  the  straight  lines  intersect  in  two  cr  more  points. 
Consequently,  through  two  points  it  is  possible  tc  draw  t  wc  differ? 
straight  lines  which  contradicts  the  property  of  straight  lines. 


In  order  to  find  the  point  of  intersection  of  two  straight 
lines,  let  us  solve  system  of  equations: 


y  =  |  M  +  &il,.  (8) 

y  =  l*»*  -r  (®) 

The  coordinates  of  the  point  of  intersection  of  straight  line? 
(8)  and  (9)  will  take  the  fore 


p> 


(10) 


Straight/direct  (8)  and  (9),  not  having  point  of  intersection,  let 
naae  parallel.  In  this  case  the  condition  of  the  parallelism  cf 
straight  lines  will  take  the  fora 

*»=■*.,  (ID 

Straight  lines  (8)  and  (9)  let  ns  naae  perpendicular,  if 


*r-p- 


(12) 
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If  the  equations  cf  straight  lines  are  registered  in  the  form 


j\AiX-±-Biy  +Cjlp— 0 
\\AiX+B2y+Ct\,=0, 


(13) 

(14) 


then,  by  solving  system  of  equations  (13),  (14),  let  us  find  f!v 
coordinates  of  the  point  cf  intersection  of  the  straight  lines 


X  =-=  I 

i j  \AlCt~A&  [ 

\AtBl  Ai£t  Ip 


(i  r\ 


In  this  case  the  condition  cf  the  parallelism  of  straight  lints 

(13)  and  (14)  will  be  registered  as 

\A\B\ — (1®) 

and  the  condition  of  the  perpendicularity  of  straight  lines  (13)  and 

(14)  it  will  be  registered  as 


(17) 
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In  the  casa  when  three  points  A(xt,  yt),  B(x2,  y2)  and  C(xJf  y  3) 
lie/rest  on  one  straight  line,  must  be  satisfied  tha  condition 

(18) 


|yi— Vi  _  ai£i 

IvTTip  xt~*ip 


Osing  properties  A,  conditior  (18)  it  is  possible  to  reduce  to 

the  fora 
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*1 

yi 

l 

*2 

yz 

l 

=  0. 

(19) 

*3 

J/3 

i 

9 

Connection  between  the  straight  lines  on  planes  |IIzlj>andn 

Theorem  2.  Straight  line  i/=|kx  +  h|#  on  plane  |n*i„  can  be 

decomposed  into  k  or  k  +  1  sections  in  such  a  way  that  the  points  of 

straight  line  for  each  of  these  sections  will  belong  to  the 
y=kx+b,(i= 1,  2, ....  k) 

straight/direct  ^  on  plane  n,  parallel  ones  between 

themselves. 

Proof.  Let  us  consider  straight  line  (2)  or.  plane  |II*|,. 

Let  us  find  the  first  interval  for  x  in  which  0^kx+k<p.  In 
this  case  of  x  it  will  vary  frcir  0  to  Since  |kx+  b\,  =  kx+b, 

that  the  points  of  straight  line  (2)  on  plane  n  at  interval 
O^xc^^p-j  lie/rast  on  straight  lire  y=kx+fclr  examined  in  the  interval 
of  the  variation  x  from  0  to  -£p,  in  this  case  b^b. 

Let  us  further  find  the  seccrd  interval  for  x  in  which 
p$kx+ k<2p.  In  this  case  it  is  obtained,  that  x  must  be  within  the 
limits  from  to  *-£p.  -onseguently  ,  in  inter  val  [^p]<  x< 
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cf  the  point  cf  straight  line  (2)  on  plane  n  they  belong 
straight  line  y=kx*b2  (where.  t2=b-p) ,  examined  in  interval  cf 


Page  20. 


Let  us  consider  the  i  interval  for  x  in  which 


(i—l)p*^kx+b<ip. 

In  this  case  of  x  varies  from  b—l)?—b_  to  Consequently, 


the  interval 


^  ( i-l)p-b 


of  the  point  of  straight  line  (2)  on  plane  II  belong  to  straight  1 
y=*kx+bt  (where  bt  =b— <i— l)>p),  examined  in  the  interval 

Let  us  consider,  in  what  interval  falls  point  x=p-l  at  the 
maximum  value  of  b=p-l.  In  this  case 


kx+b  =  k(p—l)+(j>—l)=pk+(p—l)—k^spk , 


since  k<p-1. 


Consequently,  pk£kx*fc,  and  pcint  x-p-1  lies/rests  at  k  *■ 1 


interval. 


If  b=0 , 


kx+  b  =  k(p—  l)>kp—p=p(k—l), 

i.e.  point  x  =  p-1  lies/rests  at  a  k-interval.  Thus,  we  have  a 
separation  cf  straight  line  p=|*x+d|J>  in  the  sections  so  that  the 
points  of  straight  line  fcr  each  cf  these  sections  belong  to  or.s  of 
the  parallel  between  themselves  straight  lines  of  family  y=kx+b  ,  or. 
plane  D. 

Let  us  find  the  points  of  intersection  of  straight  lines  with  X 
and  y  axes  on  plane  II.  The  first  straight  line  will  cross  Y  axis  at 
point  (0,  b)  ,  the  second  -  at  point  (0,  b-p) ,  the  i-th  -  at  point  (0, 
b-  (i-1)  p)  . 

The  distance  between  (i-1)  and  the  i  point  is  equal 

[b-(i~2)p]-[b-(i-l)p]=pr  *=2,3... 

Thus,  all  obtained  parallel  lines  transverse  axrs~T  trhrou gh “the  equal 
gaps/intervals  with  a  length  cf  p. 

Since  the  straight  lines  are  parallel  and  transverse  axis  Y 
through  the  equal  gaps/intervals,  then,  therefore,  they  must 
intersect  and  X  axis  alsc  through  are  equal  g aps/interv3 Is. 

Let  us  find  the  distances  between  the  points  of  intersection  cf 
straight  lines  with  X  axis.  Per  this  it  suffices  to  determine 
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distance  along  tha  axis  X  among  the  fj.rst  and  second  straight  iinp. 

The  first  straight  line  y=kx  +  bi  transverse  axis  X  at  point  (0,  - 

and  tha  second  straight  line  y=kx*b2  transverse  axis  x  at  point  (0, 
p-b/k) .  The  distance  between  the  points  of  intersection  of  the 
parallel  lines  in  question  with  X  axis  is  equal 


Page  21. 

Corollary.  Any  point  of  straight  line  V-lkx+bl,  on  plana  |IIz|j, 
lies/rasts  to  one  of  the  straight  lines  of  family  y  =  fcx+6(,  i  =1 ,  2, 
....  k,  k*1  on  plane  n. 

Functions  their  graphs. 

wa  will  consider  that  if  tc  each  eleaant/csll  xe| Z\„  a: a  sat  in 

the  conformity  one  or  several  elements/cells  y  of  set  \Z\ 

then  on  set  \%\p  is  determined  function  y*=F(x).  .  Bv  dnnain 

of  definition  and  the  range  of  values  of  function  y=F(x)  is  set  \Z\P. 

Lat  us  consider  the  functions,  determined  on  sat  \Z\9, 
corresponding  to  some  whole-valued  functions,  determined  on  set  Z. 
Thus,  if  on  set  Z  is  determined  certain  whole-valued  function  y  =  f(x), 
or  *(x,  y)kp,  k  =  0,  1...,  then  the  corresponding  to  it  function, 
determined  on  setl^l*.  we  will  call  the  function 

V=F(]x|,)-|/X*)|,  (20) 

in  the  cane  o<*  an  explicit  assignment  of  the  function  and 
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J/)|p=0 


in  the  case  cf  the  implicit  assignment  to  function. 


If  on  set  Z  is  preset  whole-valued  function  in  the  parametric 
form  (t),  t0<t<tlf  then  the  corresponding  to  it  function  or. 

set  \Z\P  will  be  determined  then: 

Let  us  note  that  for  any  whole-valued  function,  preset  on  set  1, 
it  is  oossible  to  unnuielv  nlot  the  functi.on  corresoordint  to  it  on 
setl^l,,  but  to  each  function  cn  set  \Z\,  can  correspond  the  whcle 

family  of  the  functions,  determined  on  set  Z. 


Plotted  function  (20),  (21),  (22)  will  be  the  set  of  the  points 

of  plane  |IIz{«.of  coordinate  of  which  they  satisfy  relationshi cs/ratios 

(20),  (21),  (22). 


DOC  =  8  1024102 


PAGE  3? 


Page  22. 

Functions  y.=F(\x\p)  let  us  naae  aonotone  not  decreasing*  if  with 
I  *1 1  p  <  I  x2 1  p 

^d*iUx^d*»U).  (23) 

and  aonotone  that  not  increasing*  if  with  l*i|J><l*2|JJ 

F^x^F^,).  (241 

If  in  expressions  (23)  and  (24)  stand  absolute  inequalities*  than 
function  (23)  is  called  aonotone  increasing,  and  function  (24)  - 
aonotone  decreasing. 

Por  exaapls,  function  y=|x5jM,  the  graph  by  which  is  depicted  in 
figure  1,  in  sections  [0*  2],  [9,  10]  -  aonotonically  increasing*  but 
in  section  [3*  3]  -  not  acnotonically  decreasing. 

Function  y=F{\x\  p)  we  will  call  periodic  with  the  period  l*  where 

lv\Z\p,  if  occurs  the  equality  the  fora 

F(||x|J,+I|p)=F(|x|p)  (25; 

for  any  value  xe  z. 

For  axaapla*  function  y=|4*lu  -  periodic*  with  the  period  1*5, 
which  is  evident  froa  its  graph,  represented  in  - igure  2. 


Function  y=F(\x\,)  1st  us  nans  syaaatrical  relative  to  axis  x=a. 


where  au\Z\p,  if 

*(l«+l*U>=*(t«-|*U>  (26) 

for  all  values  *sz.  in  this  case  x=a  -  axis  of  symmetry.  Function 
y»y(|*|  j  let  us  naae  syaaetrical  relative  to  point  A  (a,  b)#  where 
a,b*\Z\,,  if 

lb  +p-F(ia+p-!xU,)l,=lp-b+F<ja+ixlM,  (27) 

for  all  values  xbZ.  Point  A  (a*  b)  —  center  of  symmetry. 


j 
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Fig.  2. 


Page  23. 

Theoraa  3.  If  function  y=f(x),xeZ,y& Z  is  syanetrical  relative  to 
axis  x=o.or  center  of  syaaetry  (a,  b) ,  then  corresponding  to  it 
function  y=F(\x\p)=\f{x)\p  is  syaaetrical  relative  to  the  axis  of 
syaeatry  x=|a|,  or  center  of  syaaetries  -A(|a|,,  |h|,>. 

Proof.  Since  function  y=f(x)  has  an  axis  of  syaaetry  x-af  the 
f  (a*x)  =f  (a-x) .  Proa  the  equality  functions  follows  the  equality  their 
aoduli/aodules,  i.a. 

|/(a+*)lp=l f(a  —x)\p=]f(p+a—x)\p. 

consequently  , 

F(\aJrx\p)=F(\p—a—x\p) 


or 
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that  also  proves  the  first  assertion  of  theoree. 


Let  as  assuae  that  y=f(x),  x  e  Z,  y  e  z  has  the  center  o 
b)  *  i.e. 

b — f(a-x)-  —  b+f(a+x). 


laetry  (a. 


s 


The  equality  fi  is^broken,  if  both  parts  of  it  are  taken  on 
aodulns/nodule  p,  i.e. 

\b-f(a-xy,~\-b±no+x)\. 


or. 

Since 


\f(x)\,=F(lx\p), 

that 

or 

that  also  proves  theoree. 


Function  y«F(|x|#)  is  called  even,  if 

FG*|,HF(lp-|x|,|,)  (28) 

for  any  xbz,  1.  »•#  it  has  an  axis  of  syaeetry  *  =  0,  and  odd.  if 

ij,-F(ip-i*g,)i,=*FqsU)  m 
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for  any  value  x  e  Z,  i.e.  ,  it  has  a  center  of  symmetry  (0,  0). 

Page  24. 

y=l*3|n 

The  graph  of  aven  function  y=*\2x2\u  is  shown  on  figure  3,  odd^- 
in  figure  4. 

> 

% 

Linear,  exponential  and  index  functions. 

As  sxaaples  let  us  consider  the  linear,  exponential  and  index 
functions,  which  have  ieportant  value  in  noeography. 

Linear  function  on  set  |Z|,  we  will  call  the  function  of  the  fore 
\Ax+By+C\,**Q,  (30) 

w  her  a  .4,  A.  C,  x,  y  e  Z. 

Since 

\Ax+By  +C  |,-1  MJxU-HAUlf 

that  values  A,  3,  c,  x,  y  can  be  exaeined  froe  set  \Z\P.  Expression 
(30)  corresponds  on  plane  |n*j,  to  the  eguaticn  of  the  straight  line 
whose  properties  were  exaeined  above. 

The  exponaatial  function,  detereinad  on  set  | z\p,  we  will  call 

the  function  of  fora. 

i/-taV 


(81) 
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Theorea  4.  Purctoc  y= Ja*|#.  xeZ  takes  the  different  values  with 
different  x^O,  if  a  the  -first- shaped  root  of  nuaber  p. 
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Proof.  Since  a  is  priaitive  roots,  the  comparison  a*  =1  (nod  p) 
has  unique  solution.  Then  according  to  theorea  2.10  of  vork  [4] 
coaparison  a*  =A(aod  p)  ,  where  A  is  not  aultiple  p,  also  has  unique 
solution. 

Leaaa  2.  If  a  is  the  solution  of  coaparison  of  a*  =  1  ( aod  p) , 
where  a  is  not  priaitive  roots  of  p,  then  p-1-a  is  also  the  solution 
of  this  coaparison. 

Since  o*-a—  »i,  then  «*•«"*" Kmod  p). 

On  the  strength  of  the  fact  that 


a~'=ap~l 


(32) 
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expression  (32)  cia  be  rewritten  in  the  fore. 

a«.a^-i-’=l(mod  p). 

Since  a*ssl(modp),  t hen  ap-i-’  =i(mod  p)  an*,  therefore,  p-1-a  is  the 
solution,  QED. 

theoree  5.  Function  y=\ax\p,  xe  Z  is  periodic,  if  a  is  not 
primitive  roots  of  p. 

Proof.  Since  a  is  not  primitive  roots  of  p,  the  coe pari son 

a1  =«l(mod  p)  have,  in  view  of  leeea  2,  at  least  two  solutions: 

(>/ 

X\=p — 1 — a  h  *2*a,  a<p — 1. 

Key:  (1)  •  and. 

Let  us  demonstrate  that  p-1-a  is  the  period  of  function  y^lo1^  ,  i.e.. 

But 

since. 

1. 

The  exaaple  to  exponential  function  y  =  |6* j n  is  given  in  figure 


5.  As  can  be  seen  fro*  graph  (Fig.  5),  the  values  of  this  function 
are  equal  only  at  points  x=0  and  x=10,  aoreover  the  values  of 
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function  at  these  points  are  equal  to  one.  Another  exaaple  to 
exponential  function  y=|4'|u  is  given  in  figure  2.  where  also  at 
points  x=0,  x=10  and  x-5  value  cf  function  they  are  equal  to  one. 
This  function  periodic,  with  the  period  1=5. 

Index  function  we  will  call  the  function  of  the  fora 

where  a  -  priaitiva  roots  of  cuaber  p,  which  is  the  basis/base  of 
index. 

Page  26. 

Let  us  construct  the  graph  (Fig.  6)  of  function  jinda.r  „  with 
a=6  and  p=11,  using  the  table  of  Indices  [4],  which  can  be  obtained 
by  the  solution  of  coaparison  of  6*sA(BOd  11).  In  comparing  the 
graphs,  given  in  figures  5  and  6,  it  is  possible  to  note  that  the 
graph  of  index  function  is  airror  reflection  ty  relatively 
straight/direct  y=\x\t  of  the  graph  of  exponential  function. 
Exception/eliaination  is  only  point  (10,  1)  of  graph  in  figure  5, 

which  is  not  in  figure  6. 

As  is  Known,  the  graph  of  logaritheic  function  on  plane  n  is 
obtained  froa  the  graph  of  exponential  function  by  airror  reflection 
by  relatively  straight/direct  y*x.  Consequently,  index  function  can 
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be  interpreted  is  the  logarithmic  function,  undertaken  on 
■od ulus/sod ule  p,  i.e.,  index  function  on  set  \z\p  corresponds  to 
logarithmic  function  on  set  Z.  Let  us  shoe  that  the  index  function  on 
\Z\ .  possesses  some  properties  of  logaritheic  function.  Por  example, 
for  the  logarithmic  function  is  correct  the  equality  form  logaa  =  l.  The 
sane  equality  is  correct  for  the  the  index  of  function,  i.e. 

!ind«aip=l 


It  is  known  tbit  the  plotted  functions  y  =  log_i*  and  y  =  logai  are 

a 

symmetrical  relative  to  x  axis.  Let  us  construct  plotted  function 

y  — ! indi  1(  x|n.  as  can  be  seen  from  figures  6  and  7,  functions 

I ‘•in 

y  =  | aid  _ii  x|  i,  =  |indjx|  n  and  y  =  l»nd«x| ;;  are  symmetrical  relative  to  axis 

•'u 

y*0.  Consequently,  plotted  function  i/  =  I ind  _i j  xp  can  be  obtained  from 

P 

the  plotted  function  i/  =  und.x,  by  its  mirror  reflection  relative  to 


I 
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Page  27. 


Laaaa  3.  Aay  priae/siaple  nuaber  p  has  an  even  quantity  of 
priaitive  roots  in  cases  when  a¥=  —  ,  tihera  a  -  primitive  roots  of 

I  O  Ip 

nuaber  p. 


Actually/rsally,  since  to  different  values  x  correspond  the 
different  values  of  function  |indej|, ,  where  a  -  primitive  roots  of 
nuaber  p,  and  function  !/  =  |indjj|  x\p  is  syaaetrical  relative  to  axis  y*0 


of  function  y=  |indaA.|p. t hen  to  different  values  x  correspond  the 

different  values  of  function  y  —  I ind i_i  x\p  an!  the  basis/base  of  index 

II  a'P 

— I  is  also  priaitive  roots  of  nuaber  p,  that  also  proves  leaaa. 


_ "SBC 
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Nonograms  fron  the  adjusted  points  in  the  deductions  «e* 

/VI  <oJ.LX^  ® 

n od u l-ua/nod u le  p  on  plane  \TIZ\P 

I.  Ta.  Akushskiy,  A.  Ya.  F'yanzin. 

la  works  [1,  2]  were  examined  questions  of  the  use  /application 
of  systems  of  nomograms  in  numeration  system  in  the  residual  classes 
for  the  purpose  of  an  increase  in  the  accuracy  of  calculations.  In 
this  case  each  nomogram  in  modulus/module  p  differed  from  those 
existing  in  tans  of  the  fact  that  to  points  with  the  integral  narks 
were  assigned  the  marks,  equal  to  deduction  on  modulus/module  p  fron 
the  initial  marks.  Thus,  during  the  construction  of  nomograms  on  the 
independent  foundations  on  the  answer  scale  appear  different  points 
with  the  identical  marks,  which  introduces  the  unjustified  redundancy 
into  the  representation  of  the  answer  scale  and  creates  considerable 
difficulties  during  the  use  of  nomograms  for  tha  reverse  operations. 

This  work  is  dedicated  to  construction  and  research  of  nomograms 
from  the  adjusted  points  in  the  deductions  on  modulus/module  p  whose 
scales  and  resolving  straight  lines  are  constructed  in  the  deductions 
according  to  modulus/module  p.  This  makes  it  possible  to  reduce 
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periodicity  on  the  scales  and  gives  the  possibility  to  use  noaograas 
for  the  reverse  operations. 

Scales. 

Let  us  deteraine  the  scales  on  the  plane  of  integers  on 
aodulus/aodule  p  |nz|p  analogously  with  the  scales  on  euclidean  plane 
n.  In  work  [3]  are  introduced  the  concepts  of  plane  |llz|p.  different 
functional  dependences  on  set  \Z\P  and  are  traced  their  basic 
properties.  The  point  of  plane  |n*|,  with  the  ascribed  by  it  value  of 
certain  variabla/alternating  uejzi^  where  jZ|p  -  set  of  the  integers, 
undertaken  on  aodulus/aodule  p,  let  us  naae  the  aarked  point.  The 
value  of  the  variable/alternating  a  which  is  ascribed  to  given  point, 
is  called  the  aark  of  point. 

Page  29. 

Scale  of  variable/alternating  ue|Z|p  -  the  locus  of  the  aarked  points 
of  plane  |nzip.  Lina  on  plane  |lTz|p,  on  which  are  placed  the  aarked 
points,  carrier  of  the  scale.  The  scales,  in  which  the  equation  of 
carrier  is  a  linear  function,  we  will  consider  linear,  all  others  - 
nonlinear.  The  functional  scale  let  us  naae  the  locus  of  the  aarked 
points  whose  location  on  the  scale  is  deterained  by  the  character  of 
the  preset  function. 
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The  evanly  divided  scale. 

In  contrast  to  the  evenly  divided  scales  on  plane  n, 
characterized  by  the  fact  that  cn  thee  the  lengths  of  segments  are 
proportional  to  larks  (for  example,  nillieetric  ruler,  the  scale  of 
the  division  of  oircuef erence  into  the  degrees)  ,  the  evenly  divided 
scales  on  plane  |iiz!j,  we  will  call  the  scales,  for  the  coordinates  of 
points  of  which  are  satisfied  the  condition 

*»+*— x<+i=*(+i— *i=l  Sjim  vte\Z\p. 

Moreover  it  is  assumed  that  Xj>xiy  if  j>i  for  vi,je\Z\p. 

» 

It  is  not  difficult  to  note  that  any  straight  line,  constructed 
on  plane  |IIz|„,  will  be  the  evenly  divided  scale,  if  we  the  mark  of 
point  consider  the  appropriate  value  of  argument. 

Construction  of  the  functional  scales. 

The  functional  scales  in  the  deductions  on  certain 
aodulus/modula  p  are  constructed  as  follows.  Let  on  set  j z\-p  be 
preset  certain  function  y-|A*)|,.  Let  us  compute  all  values  of  function 
and  Let  us  regulate  them  as  follows: 
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fo=m\p 

fp-X  =  \f(p-l)\p. 

On  plane  |nz|p  Lot  us  consider  certain  straight  line.  For  the 
fiducial  aark  A  on  the  straight  line  let  us  tak9  the  point,  which  has 
coordinate  x,  equal  to  zero.  Along  the  axis  X  we  will  plot/deposit 

segaants  with  a  length  of  /*  . .  and  assign  to  points  with 

abscissas  fo, /i . fp-i ,  that  lie  to  the  straight  line  (carrier  of  the 

scale),  aarks  0,  1,  ....  p- 1  respectively.  Obtained  thus  scale  will 
reprasant  the  functional  scale  in  the  deductions  on  aodul us/nodule  p. 

Page  30. 

Lat  us  nota  soae  properties  of  the  functional  scales  on  planes 
|nz  I.,  which  differ  significantly  froa  the  properties  of  the  ordinary 
functional  scales  on  plane  n. 

1.  Functional  scale  is  discrete/digital  and  exists  only  at 
aarkad  points,  i.a..  unaarked  points  of  carrier  of  scale  are  not  in 
any  way  connected  with  functional  scale. 

2.  narked  points  there  can  be  not  aore  than  p.  i.a..  scale  is 


liaited 
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3.  Narks  oa  carrier  of  scale  can  be  placed  nonaonotonically. 

4.  To  some  points  of  scale  can  be  ascribed  several  narks. 

The  double  scales.  • 

If  we  coabine  two  scales  with  the  identical  carrier  one 
functional,  second  unifora,  constructed  on  one  and  the  sane  scale, 
then  so  that  their  fiducial  aarks  would  coincide,  then  we  will  obtain 
the  double  scales,  i.e.,  the  scale,  which  has  two  series/rows  of 
aarks.  On  this  scale  it  is  convenient  to  coapute  the  values  of 
functions  for  the  different  values  of  argument.  For  this  it  is 
necessary  on  the  functional  scale  to  find  out  the  values  of  arguaent, 
and  on  the  evanly  divided  scale  at  the  sane  pdLnt  to  read  the 
corresponding  value  of  function,  tad  vice  versa,  knowing  the  value  of 
function,  it  is  possible  to  deter  nine  the  appropriate  value  of 
arguaent.  For  this  it  is  necessary  to  find  the  nark,  equal  to  the 
value  of  function  on  the  evenly  divided  scale,  and  to  read  the 
confronting  against  it  aark  of  the  functional  scale.  The  absence  of 
aark  against  any  value  on  the  evenly  divided  scale  tells  about  the 
fact  that  this  value  of  function  there  does  net  exist  in  set  \z\p  not 
for  what  value  of  arguaent  froa  set  \Z\P. 
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Thus,  tha  double  scales  is  the  simplest  nomograe  and  serves  far 
calculating  the  value  of  function.  Its  advantage  before  the  tables  of 
functions  lies  in  the  fact  that  the  double  scales  is  more 
demonstrative  and  it  is  conveniently  used.  The  assignment  of  the 
double  scales  is  equivalent  to  the  assignment  of  table  or  plotted 
function. 

Index  scales. 

The  index  scale  we  will  call  the  functional  scale,  constructed 
on  certain  straight  line  cn  plane  for  function  y=|ied,x|,.  This 

scale  has  the  important  value  with  the  execution  of  arithmetic 
operations  in  the  deductions  on  modulus/nodule  p. 

Page  31. 

For  an  exaapla  let  us  construct  the  functional  scale  j~  |indax|p 
with  a=6  and  p*  11.  The  table  of  this  function  is  given  in  work  [4]. 
The  index  scale  is  shown  on  Figure  1. 

The  index  scale  is  the  set  of  points  with  the  marks  from  1  to 
p-1.  The  location  of  marks  depends  on  the  valoe  of  the  basis/base  of 
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index  (priaitiva  roots)  and  on  the  value  of  aodulas/aodule  p.  The 
first  point  of  the  scale  has  a  nark,  equal  to  unity,  the  second  - 
nark  a,  i.e.,  tie  value  of  the  fcasis/base  of  index,  the  p-1/2  point 
has  a  nark  p-1.  The  latter/last,  p- 1  point  of  the  scale  has  nark  x, 
such,  that  ia-xL  =1  when  x=  j-[  .  These  points  are  characteristic  for 

I  a!p 

the  index  scale. 


Nonograns  froa  the  adjusted  points  in  the  deductions  on 
nodulus/nodule  p. 


Noaograa  froa  the  adjusted  points  in  the  deductions  on 
nodulus/nodule  p  on  plane  | for  the  equation 

\f(u,  v,  u;)|,=0  (1) 

let  us  nane  tha  noaograa  whose  every  three  values  u,  v,  w,  which 
satisfy  initial  equation  (1)  ,  lie/rest  on  one  straight  line,  carried 
out  on  plane  \Tizl,,  an<3  vice  versa,  if  u,  v,  w  -  nark  of  three  points 
of  noaograa,  which  lie  on  one  straight  line,  then  the  set  of  three  of 
nuabers  u,  v,  w  satisfies  equation  (1).  This  straight  line  we  will 
call  the  resolving  straight  line.  The  values  of  variable/altemating, 
entering  equation  (1),  are  represented  on  the  noaograa  as  the  points, 
which  coapose  the  scales  of  these  variable/alternating.  The  fora  of 
nonogran,  i.e.,  the  fora  of  its  scales  and  their  autual  location  on 
plana  |n*j,,  is  iaterained  by  the  fora  of  the  represented  functional 
dependence  and  by  the  aethod  of  the  construction  of  noaograa. 
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Page  32. 

Theorea.  If  for  the  equation 

/(*.  b.  ib)=0  _  (2> 

(where  f  (u,  v,  w)  -  full-walued  function,  u,  v,  w  -  integers)  on  the 
plane  n  it  is  constructed  the  noaograa  froa  the  adjusted  points,  the 
equations  of  scales  of  which  take  in  the  following  fora: 

u'  :  i  = 

(y) 

v':  x2'=<p2(u),  y2'  =  ts(B). 

w':  xt=y3(u>),  y»'  =  ^s(w), 

then  for  equation  (1) 

I f(u,  v ,  u»K,= 0 

noaograa  on  plane  |n<|#,  giving  the  solution  of  equation  (1),  will  have 
equations  of  the  scales  of  following  fora: 

*i=l?i(u)|„  y,H<Wu)|„ 

v:  x  — !  - m  -»•♦*  f*  y 

-  -  >■  ‘  1  U' 

w-  *.=!?»(«>)!,.  y,=!Ww)l,. 


1 
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so  that 


l<w(»)l. p 
|?»(w)U 


lti(«)U 

I  Uvt, 


=  0. 


(5 


Proof.  Since  the  noaoqraa,  constructed  for  equation  F(w,  v, 
a) =0,  is  noaogrna  from  expressed  points,  then,  therefore,  the 
functions,  entarinq  the  equations  of  scale  satisfy  condition  [5] 


1 

+i(“) 

1 

9i(u) 

U») 

=  0. 

(6 

1 

?»(«*) 

t»(w) 

Pro*  the  determination  of  iapiicit  function  in  \Z\, *,*),=• 
F(\u\p,  | v |,.  |w|,)  it  follows  that  if  u,  v,  w  are  the  solutions 

of  equation  f  (u,  t,  w)=0  that  |u|,,  loj,,  will  be  the  solutions  of 

equation  Jnj,,  |w|,)— 0.  but  reqarding  in  I  Z  |  ,  the  function,  preset 

in  the  parasetric  fora,  follows  that  for  functions  (3)  corresponding 
exprassions  fu'l,,  |r'|p.  \v'\,  will  take  fora  (4).  consequently,  (4)  it  is 
the  solution  of  equation  (1). 


Page  33 
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Lat  us  consider  expression  (6),  undertaken  on  aodul us/eodule  p. 
Then  in  Tien  of  tha  properties  of  operations  with  the  least  positive 
remainders/resiiues  we  obtain: 


l  <fM)  'W(u) 

1  |ri(u)lj, 

1  <?*(£') 

= 

1  \Uvti, 

1  TaO®)  <Mu>) 

9 

=0. 


(7) 


Substituting  for  KM*.  Iyi(u)|„,  (WtOU  |«s(w)!*.  |<Ww)|,  their  value  fro* 

(4),  we  will  obtain: 


x, 

x2 

x3 


y  i 

yt 

i/3  I 


-0. 


(8) 


This  is  tha  condition  for  the  passage  of  straight  line  through 
three  points  (x t ,  yt),  <x2,  y2),  (x3,  y3)  T3].  Consequently,  the  set 
of  curves  with  aquations  (4)  is  nomogram  fron  the  adjusted  points  for 
equation  (1)  . 


Equation  (7)  they  will  satisfy  all  sets  of  three  of  numbers  u, 
v,  w,  which  are  the  marks  of  the  points  of  nomogram,  which  lie  on  one 
straight  line.  But  such  sets  of  three  of  numbers  composa  all  possible 
solutions  of  equation  (1).  consequently,  equation  (5)  contains  aeonq 
it  solutions  all  solutions  of  equation  (1). 
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aversely,  i£  it  is  possible  to  find  the  equation  of  fora  (5) , 
which  contains  -11  solutions  of  equation  (1),  then  for  equation  (1) 
on  plane  |nz|,  it  is  possible  to  construct  the  noaograa  whose  scales 
are  determined  by  equations  (4)  . 

In  such  a  way  as  for  equat  ion  \f(u,  v,  w )  |  „  =0  to  construct 
noaogram  from  the  adjusted  points  on  plane  |n*|,.  is  necessary  to  find 
this  equation 

l  IW«*)U 

i  taMU  iW«)U  =0-  <5> 

l  lw(»)U  JW»)iJ  , 

where  on  the  laft  side  it  will  be  worthwhile  the  definition, 
undertaken  on  certain  modulus/aod ule  p.  Its  first  column  consists  of 
units,  and  each  line  contains  the  functions  only  of  one 
variable/alternating  which  also  are  taken  on  modulus/aodule  p«  The 
values  of  the  functions  of  the  second  column  of  determinant  will  give 
abscissas,  while  the  value  of  the  functions  of  the  third  column  -  the 
ordinate  of  the  points  of  the  scales  of  noaograa. 

Page  34. 

As  it  follows  from  the  theorem  and  the  properties  of  the  scales 
on  plane  |n*{,,  the  solution  of  equation  {/Xu,  r,  w)|,=0  with  the  help  of 
the  nomograms  from  the  adjusted  points  will  be  always  exact,  since 
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the  intersection  with  the  resolving  straight  line  with  the  answer 
seals  occurs  only  at  the  larked  point.  Because  of  this  during  the 
solution  of  equations  with  the  help  of  the  nonograns,  constructed  on 
plane  |rTz!P,  it  is  n°t  necessary  to  carry  out  interpolation  for  the 
determination  of  response/ans ver. 

Classification  of  the  nemographed  equations. 

Equation  |/(u,  v,  u>)|p  =  0  we  will  call  that  monographed  on  plane 
|n z'p.  if  for  it  it  is  possible  to  find  the  equation  of  forn  (5). 

The  nonographic  order  of  the  nemographed  equation  is  called  a 
number  of  different  functions  of  one  variab  le /alternating  in  the 
equation,  obtained  fron  (5)  after  its  da velopnent/scanning  and 
siaplif ication. 

The  lowest  possible  nonographic  order  *  the  third,  since  into 
equation  with  threa  variable/alternating  nust  enter  at  least 
according  to  one  function  of  each  of  tha  variable/alternating, 
highest  -  the  sixth,  when  all  functions  in  equation  (S)  different. 

For  exanple,  the  equations  of  the  third  nonographic  order 
contain  according  to  one  function  of  each  of  three  the 
variable/alternating  u,  v  and  w:  |/i(u)| ,,  |/^u)| ,,  |/3(u>)|  ,, 


and  they  can  be 
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converted  to  certain  simplest  (canonical)  fora. 

The  equations  of  the  fora 

!Ta(wXp“ll/i(“)lp-H««>JUU.  U°) 

!  IA(“)  |/i(»)iIp+Ww)lp+Mu’)Uj>  t11) 

we  will  call  respectively  the  first,  second  and  third  canonical  fora 
of  the  equations  of  the  third  ncacgraphic  order. 

Nomograms  class  also  according  to  their  genre.  The  genre  of 
noaograa  is  called  a  number  of  nonlinear  scales  in  it.  The  lowest 
possible  genre  of  noaograa  -  zero,  when  all  scales  are  linear.  The 
highest  possible  genre  -  the  third,  when  all  three  scales  are 
nonlinear. 


Page  35. 

Nomograms  of  the  first  canonical  fora  of  the  equations  of  the  third 
nomographic  order. 

The  first  canonical  fora  of  the  equations  of  the  third 
nomographic  order  takes  fora  (9): 

For  it  by  three  different  methods  it  is  possible  to  write  the 
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aquations  of  fora  (S) ,  which  reduce  to  three  foras  of  noaograas, 
essentially  different  in  the  gecnetric  structure. 


Monograms  of  zero  genre. 

Let  us  register  equation  (5)  for  equation  (9)  in  the  following 

fora: 


1 

0 

\fMP 

1 

1  1 

0 

p 

1  1—1^(101, 

1 

1 

l/sMIp 

(12) 


revealing  the  definition,  which  stands  on  the  left  side  of 
equation  (12),  it  is  easy  to  check  that  equation  (12)  is  equivalent 
to  equation  (9)  . 


Proa  equation  (12)  we  obtain  the  siaplest  equations  of  the 
scales  of  noaograa  on  plane  111*1,. 


They  take  the  fora 

o\niKanu  u :  x^O  yl=|f1(uV 

mxa™  v:  1  l-TO)i,  L  y2==° 

l  niKa-iM  un  x,=l  y3  =  |/r,(u»)|. 


(13) 


Key :  ( 1 ) .  the  soale 
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All  thres  scales  of  nomogram  are  linear.  Consequently,  the 
nomogram  of  equation  (10)  with  scales  (13)  is  the  nomogram  of  zero 
genre  on  plane  lllzl,.  The  scale  of  the  vaciab le /alternating  u  will  be 
arranged/locatei  on  Y  axis,  the  variable/alternating  v  -  on  axis  X 
and  variable/alternating  w  -  on  the  straight/direct,  parallel  y  axis 
and  distant  behind  it  at  a  distance,  equal  to  one. 

As  an  example  of  the  nomogram  of  the  zero  genre  of  the  equation 
of  the  first  canonical  form  let  us  give  the  nomogram  of 
multiplication  n»n  of  the  natural  series  of  numbers  on  modulus/module 
11,  depicted  in  figure  2.  The  points,  which  lie  on  the  dotted  line  at 
the  assemblies  of  reference  grid,  are  points  of  the  resolving 
straight  line  with  multiplication  17XT|u. 
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Fig.  2. 


rage  36. 

In  this  case  tha  point  of  intersection  of  the  resolving  straight  line 
and  answer  scale  has  a  mart,  equal  to  five. 

Noaograns  of  the  second  genre. 

Let  us  vrite  equation  (5)  in  the  fora 


1 

1 

Ip — !fs(tf)lp1p  \fi^V)\p 

=  o. 

(14) 

1 

0 

1/sMp  1 

p 

In  view  of  the  properties  of  operations  with  the  saallest  positive 
reaainders/residues  equation  (14)  equally  to  the  equation 
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1 

fl(u) 

1 

-Uv) 

f&v)  =0. 

(15) 

1 

0 

Uw)  p 

revealing  the  left  side  of  equation  (15),  we  will  obtain 

I  \fMHMp'\fM‘f^)--fa(w)\p\9=0.  (16) 

Whence  it  follows  that  the  solutions  of  equation  (9)  are  the 
solutions  of  equation  (16),  and  also,  therefore,  equation  (14). 
Consequently,  equation  (5)  for  equation  (9)  can  be  registered  in  the 
fora  (12)  . 

The  equations  of  the  scales  of  nonogram  will  be  the  following: 
^nntaaiw  u:  x1=|/'1(tt)l„ 

Quota  jiu  v :  *2=|p— \f&h\p'  {/2=|fjV)ip  •  <17) 

Q  notanu  ic:  x,=0,  y»=*l/»(w)i, 

Key:  (1).  the  scale. 

Excluding  the  variable/altercating  u  from  the  equations  of  scale 
u,  let  us  find  the  equation  of  the  carrier  of  scale  u: 

Exception/aliaination  of  the  variable/alternating  v  froa  the 
equations  of  scale  v  gives  the  save  result.  Thus,  the  scales  of  the 
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variable/alternatiag  u  and  v  have  genera  1/coaaon/total  carrier.  The 
carrier  of  seals  w  is  the  straight  line,  which  coincides  with  the 
axis  of  ordinates. 

As  can  be  seen  from  the  equations  of  the  scales,  this  is  the 
nonogram  of  th9  second  genre,  since  the  carriers  of  scales  u  and  v 
are  nonlinear. 

Page  37. 

As  an  example  of  the  noaograa  of  the  second  equation  of  the 
first  canonical  fora  let  us  give  the  noaograa  of  aultiplication  a»n 
of  the  natural  series  of  nuabers  on  modulus /module  11,  depicted  in 
figure  3.  since  scales  u  and  v  coincide,  let  us  agree  upper  nark  to 
carry  to  scale  u,  and  lover  -  to  scale  v.  Dotted  line  showed  the 
resolving  straight  line  with  aultiplication  |7X7|n  =  5.  Analogously  it 
is  possible  to  consider  and  to  construct  noaograas  for  all  remaining 


canonical  foras 
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Fig.  3. 
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Mathematical  simulation  of  the  thermal  work  of  soaking  pit. 

B.  R.  Amangel'diyev. 

In  works  [1,  2  ]  is  proposed  the  aatheaatical  aodel  of  the 
process  of  heating  metal  in  the  soaking  pit.  For  describing  the 
unsteady  teeperature  fields  in  the  laying  and  the  heated  metal  are 
used  the  aquations  of  thermal  conductivity  with  the  boundary 
conditions,  the  reflecting  results  of  the  contemporary  theory  of 
radiation  heat  exchange  [3,  4],  As  the  basis  of  the  construction  of 
model  is  assumed  zonal  method  [5.  6],  in  this  case  with  a  number  of 
surface  zones  are  connected  the  lateral  faces  of  ingots  and  the 
surface  of  laying,  and  as  the  volumetric  zone  is  selected  the 
internal  space  of  well,  which  contains  the  heating  environment. 

Page  39. 
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The  aatheaatical  formulation  of  task  takes  the  fora: 


1 
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'teMrt  £(»*>  ). 

0 <xl<ll,  t> 0. 

9i(*i.  0)=?1°(x1), 

-^(«l)'£2^£L=«oA1^u£fe^.  »)-9i4(0.  t)]+ 
4-430A1«J'12[u4(f)— 9i*{0,  01 


- vWufortk  0-9tU.  0] 


+■ 4Mi«m«4(o-9i4(Ji.  oi 
^(y«.  £) _ _  a*g»(*i,  o 

«Jt  —  °2  dxt‘  '  y<x2<‘2. 

9z(*2.  0)  =  $2°(X2). 

— *2  — ^-^-=»ao£««—  92(0.  01 


(1) 


(2) 

(3) 


(4) 


X2  47I2042^^21[«14(/1.  o  -924(J2.  0]  + 

+430^42a^22[u4(0~924W2.  01. 
u(0==t7*Qu(0+?C4rI<0+PCT9.l7(0  +  43o^Xat,!'l2(9l(^.  04- 
+B(0X9»Vi.  t)+4v*i»*irf9i&.  04- 

+>*(0X91%.  04*»*(0)  ^292(^2.  0]‘t(14  l)pct(0-r 

4-4a0A1a<|)i2(91(Z1,  f)+u(0X9i^i»  04-«2(0)f’in-r 

O+aWXtfft.  O-firtOW1. 


(5) 

(6) 

(7) 

(8) 


(9) 


w here  qltqz,u,ua  -  temperature  of  ingot,  laying,  heating  and  external 
environment  respectively;  \tf  X2  -  size/diaension  of  the  cross 
section  cf  ingot  and  the  thickness  of  laying;  c,r  \t,  k2,  <x2  - 
theraophysical  coefficients;  px  -  density  of  eetal;  Pt  ?2  -  surface 
area  of  ingot  and  laying;  ipn,  Vu,  ^21,  ^22  -  generalized  coefficients  of 
radiation  heat  axchange;  *  -  degree  of  the  absorption  of  air-gas 
environment;  7  -  coefficient  of  the  flov  rate  of  air  (it  is  accepted 
equal  to  the  product  of  the  real  coefficient  of  expenditure  for  a 
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quantity  of  air,  theoretically  necessary  for  coebusting  the  nnit 
volume  of  fuel/propellant  [7]);  p,  c  -  density  and  the  heat  capacity 
of  air-gas  environaent;  v  (t)  -  the  consuaption  of  gas  fuel;  Q  -  fuel 
heating  value;  qr  and  qt  -  temperature  of  gas  and  air  at  the  input 
into  the  well;  a  -  quantity  of  ingots  ia  the  well;  «a  -  constant  of 
Stephan  -  Boltzaann;  At  and  A2  -  degree  of  the  dart  of  the  surfaces 
of  ingot  and  load;  xt  and  x2  -  space  coordinates;  t  -  tiae. 

It  is  necessary  to  deteraine  the  teaperature  states  of  ingots 
and  laying  under  the  preset  law  of  the  adaission  of  fuel/propellant 
v=v  (t) . 

This  article  axaaines  a  question,  that  concern  coaputational 
aspects  and  specific  applications  of  stated  problea. 

Page  40, 

Coaputing  circuit  of  the  solution  of  problea. 

8a  convert  tha  boundary  conditions  (3)  ,  (4)  and  (8)  to  the  fora 

=au[$z(J»*  t)~<h(0,  ?i(0, 0],  (10) 

w  o]+»i2[u(o-?1ai.  o],  (id 

Xj  mxA  =aa[gi(/lf  t))^u(t)-q^,  f)l  (12) 
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where 


0+«A.  O]fa2j(0,  t)+qi\l2,  0], 
a,2  =  4  3041a<i12[$1<0,  i)+u(t)][q12{0,  O+u^OI  (13) 

a21  =  4n30>l2^1<l>21[52(/2,  0+9idi,  t)Jq2H,l2,  O+Ai^l  01 
a22=430^2a'^21i[?2(4.  *)-h“(*)X«2^2*  O+U^Ol 


Then  instead  of  expression  (9)  we  obtain 

«(0=[1iQu(04-pfi?ry(0+pc79.i'(0+ai2-P,in9i(li.  0+ 


(14) 


+^2^2,  Old  -Ht)p<?u(0  -hau^in 
Osing,  according  to  [8],  the  replacenent  of  the 
variable/alternating 


e 


=  ]”*,(«)*. 


(15) 


froe  equation  (1)  we  will  obtain 

~ ' Si - > 


(16) 


where  at  -  coefficient  of  the  thermal  diffusivity  of  the  heated 

■etal. 


Boundary  conditions  (10)  and  11)  respectively  take  the  form 

-  — 0-9, (0,  01W«(0-9.(0,  01  (17) 

t)-<hUu  01+«J«<0-  9idi.  01  (18 ) 

Page  41. 

After  usinj  to  equation  (16)  implicit  grid  diagram  [  8#  9],  we 
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Page  42. 


After  replacing  the  second  derivative  of  9  on  xt  in  th?  right  si  ie 
the  obtained  relaticnsh i p/rat io  with  the  left  side  of  eguaticn  (1h) 
we  will  obtain 

V-*o  l  h\  dHO.t)  d%o ,t)  ,  ...  . 

A.  '  2  «,(yT“liTTO(^' 

Let  us  substitute  the  left  side  of  this  expression  under 
boundary  condition  (17): 


9,1+1-  8</+l 


»om-  V 


)=*u(9y2  .»■  — 


— 9Ji.o)+*i3 (u1—  !Ji,n). 


Let  us  note  that  ?i,o  and  ?i.m-  -  temperature  cn  the  surfaces  cf 

ingot;  £2,0  and  £2 <r  -  tewFf,raiur6  respectively  on  the  external  an’ 
internal  surfaces  of  laying. 


From  the  lattar/last  relaticnship/ratic  we  have 

1  V 


V+1  = 


1+4 


■  V'+1  + 


2  3l(?Jl,o)* 


V+*iiAi(?;2.r- 


1  + 


2 


-?',l.o)  +  l,l«*l(u;-®^.o) 

-  1  v 

2  <»l(?Vo)* 
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after  comparing  this  expression  with  (20)  at  the  appropriat 
index  i,  we  will  obtain 


<*u=- 


1+- 


*.* 


1  h  * 

Pu-— — - . - n - .  C22) 


i+- 


2  ai(9Ju)z 


For  right  boundary  condition  (18)  we  have 


«di-Alt  *)-«&,  0  + 


t ) 

dXi 


(-*i) 


or 


2 


fct  0 

** 


^p-fCKAA 
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Then  boundary  condition  (18)  can  te  represented  in  the  rorai 
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8»'  +  l-  Oi+i  1  ft,  f^1-^ 

+  T  ~ - =an(«4,- 

-qJi.m)+^uJ-q^  m). 

From  the  lattar/last  expression,  using  (20),  wo  will  obtain 
~f -~~J -9Jn'+h.m  +  2n>‘Mi2.r  + 

nj+ 1_ 


6  = 
•+  m 


1-r-L — *i! _ - 


(23) 


l.m 


For  the  transition  from  6  tc  qj  on  the  basis  cf  expression  (IS) 
it  is  possible  to  register 

9i=*i(*»«u)«i.i,  <=0,  1 . m, 

where  parameters  j,e  [0,  1]  can  te  determined  with  the  help  cf  th- 
procedures  of  the  search  for  root. 

However,  by  us  for  simplicity  of  calculations  is  used  4’h,=> 
expression  of  the  form 

where  Vx,i  -  average/mean  value  Xt  in  the  segment  from  0  to  q\(ihufr). 


Thus,  we  have 


•;+\  <-0,1, 


m. 


(24) 
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For  solving  equation  (5)  is  use!  the  implicit  grid 


- - - ^ - x?  ’  1 .  * 

where  h2  -  step/pitch  along  the  axis  *2 :  ;'t). 


Page  44, 


Let  us  present  it  ir  the  standard  form: 

vhera 


-^2,*— Bi.i — jV.  C2,*— 1  +2-^t,  Ft,i=q\i.  (25) 

The  solution  of  the  obtained  system  cf  algebraic  equations  is 
realized  also  with  the  help  cf  the  dispersion  method.  Wo  have 


92J.*1=a*  *+»<!,2,*1+i_^^  *+1>  As=  r— 1, . . . ,  1,  0,  (26) 


where 


n . . .  _  q_  ?*.*+ 

*•  *+*  n  a  -  •  *+l — 7i  ~  .  (27) 

c2 .*  •"2,*  “2,*  ^2,*—  ^*2,*  ®2.*  '  ' 

For  the  finite- di f ference  approximation  cf  the  boundary  ones  of 
arbit.  equation  (5)  let  us  use  the  method,  described  above,  jcur.dary 
condition  (7)  is  represented  in  the  form 


j,  (  _  1  A,  ?2.V-«2.o\_  ,  ;+i\ 

_x2^ - - -  T-- - - - 


Hence  we  have 
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ql+'= 


2.0  1  >,A> 

A*+  2‘a^  +  a»>A* 


4-^V2.o+  »«*.«■ 

V+i_i-_<L  a»: _ 

9*.i  ~  ,  l  /,A.2 

*»+  T  ~a^t  +a»**» 


af  er  comparing  this  expression  with  (26)  at  the  necessary  valus-  o 
index  k,  we  will  obtain 


a2.1  = 


It 


Pj.i= 


-L  As ^-iJ2  0+*tti>t*K 

it  (3m  Z  * 


.  •  l>tV  *  w  1  At/u» 

*»+  2  ‘t^"'+a*«A*  '  *»+  T  '**• 


(28) 


Boundary  condition  (12)  after  the  necessary  conversions  is 
represented  in  the  form 

-  «#*). 

Prom  this  expression  and  equation  (26)  we  will  obtain 


T  ~a^qb.r+ifr,r+a**ltJull+'i++i 

?2.r  - -  -  - - 


1  * 

*»+T  "a^  hSl*! ^ i*a2.r 


(29) 
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As  a  result  the  system  of  equations  (19) -(24)  together  wit 
initial  conditions  (2),  (6)  and  relationships/ratios  (13),  ( 1 4) 
to  us  the  mathematical  model  of  the  process  of  heating  metal  in 
soaking  pit,  represented  in  the  d iscrete/digi tal  for m . 


r- 


DOC  =  81024103 


PAGE 


In  tha  implementation  the  tasks  on  TsVM  cf  the  dependence 
thermcphysical  coefficients  at  ar.d  x,  on  the  temperature  ar<- 
represented  by  the  piecowise-linear  expressions 

}'i(9i.i)  =*■*+  Qi.i  —  9*).  (30) 

a*+-~ 9*). 
if 

9*<? • 

\{qi.i)  =  K  ai(9i.i)  =  «o.  (31) 

if 

9i,i  < 

Kfai.i  )=**.  *1(91.1)=®^.  (32) 

if 

9i.<  >  9.y . 

where  k  =  0,  1,  ...,  JJ ;  X*,  a*.  9*  the  numerical  sequences,  obtain, 

the  basis  of  the  preset  dependences  a,=aj  (g,)  and  *-i=lifai)- 

The  calculation  of  the  coefficients  of  radiation  heat  exch 
'hw  'I’u* ♦«,  faa  is  connected  with  the  optical  and  g^omet-ric  structu 
heating  device/equipment.  The  gecsetry  of  object  is  determined 
form  and  sizes/dimensions  of  well,  ty  fora,  quantity  and 
sizes/dimensions  of  the  heated  inccts  and  by  character  of  th~ir 


_ ‘'■Hr. 
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arrangement/position  in  well. 

Coefficients  ♦»»  •••.  i)>2j  are  calculated  by  two  methods:  1)  by 
formulas,  given  in  works  [3,  4],  2)  with  the  help  of  the  method  for 
statistical  testing  [10], 

In  resolving  the  aquations  of  the  dynamics  of  the  mathematical 
model  of  object  appears  the  need  for  determining  the  temperature  of 
gaseous  medium  from  relationsh?  p/ratio  (14)  undar  the  conditions 

13)  . 


Page  46. 

For  this  purpose  the  subtask  indicated  is  reduced  to  the  search  for 
the  root  of  the  expressicr 

ys(tt>,  (33) 

where 


u  (n't  = 


(34, 


-  the  right  side  of  equation  (14),  and  y3(  u)  =u  -  left. 


Let  us  demonstrate  the  existerce  of  root  and  its  uniqurness.  I*- 
is  easy  to  establish/install  the  following:  1)  with  u=0,  y2>0,  since 
y  I  (0)  >0,  y  3  ( 0)  =0  ;  2)  with  u— »•,  y  >const. 


a  y3-^-.  Consequently 


"M*-* 
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will  be  located  such  values  u,  at  which  y2<0, 


Hence  immediately  ensues/esca pes/f 1 ows  out  the  existence  of  th=  j 

root  of  expression  (33). 

**;  f 

>  Since  fcr  of  the  real  values  of  correlation  coaf  fici  er*  s  ()4)  ji 

[  , 

take  the  place  of  the  condition  :f 

di>bt  (i=l,  2.  3), 

i  - 

4.  '  ! 

then  yt  is  tha  monotonically  increasing  function  from  u.  From  this  1  : 

I  ; 

fact,  and  also  point/item  of  2  present  proofs  follows  the  uniqueness  :  j 

,i  j 

of  root.  I 

A  procedure  of  the  search  for  the  root  of  equation  (33)  have 
realized  we  with  the  help  of  the  method  of  "gclden  section"  [  11  J. 


Similarly,  one  step/pitch  cf  the  solution  of  the  problem  in 
question  is  represented  in  the  form  of  the  following  set  of  the 
operations  (we  assume  that  all  necessary  values  toward  the 
moment/torque  of  executing  j+1  the  step/pitch  are  known). 

1.  From  ralaticnships/ratics  (13)  and  (14)  with  th«  help  of 
procedure  for  finding  root  we  determine  temperature  of  gaseous  medium 
u(t)  and  coefficients  att,  ...»  or22. 
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2.  We  find  al(q1)  and  \t(at).  We  compute  on  ( 1 ) 

,  Al,l  •  •  Ci. i.  F\  ,j  (  1  «  •••#  ®  —  1  )  • 

3.  We  count  from  expressions  (22)  “mi  and  pi»i-  Then  on  (21)  w? 
calculate  the  value  of  auxiliary  coefficients  aiti  and  p»»  t  in  f  h  - 
assemblies  of  grid  region  frcir  left  to  right. 

4.  According  to  formula  (23)  we  compute  8j,+i.  with  the  help  of 
dispersion  relationship/ratio  (20)  we  determine  0i  on  the  assemblic 
of  grid  region  from  right  to  left.  Using  expression  (24),  v-  CDtair. 
the  temperature  distribution  in  tho  ingot  at  j*  1  step/pitch  on  f  ho 
time. 


5.  We  find  values  cf  coefficients  32.i  and  on  the  basis  (2s) 

In  formulas  (27)  we  find  coefficients  **•*  i  and  fc,*  from  left  tc  right 
after  determining  preliminarily  from  relationships/ratios  (25) 

At.*.  Bl.k,  c 2,h.  Ft,*. 

6.  On  formula  (29)  we  compute  temperature  on  internal  surface  o 
laying  q{*rl.  using  dispersion  rclaticnship/r  at  io  (26),  we  determine 
the  temperature  in  the  laying  on  the  assemblies  of  grid  region  from 
right  to  left. 
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Algorithm  of  standard  mcde/ccnditicns. 

In  the  practice  of  metallurgical  production  are  applied  the 
diverse  modes/conditicns  cf  heating  metal  in  soaking  pits  [12], 

W 3  have  reproduced  and  by  the  help  of  the  worked  out  model  th* 
following  mode/conditions  of  heating:  maximum  heat  output  in  the 
first  period  and  prescribed  constant  temperature  on  the  surface  of 
ingot  in  the  second  period. 

Mathematical  model  (19)- (29),  (2),  (6),  (13),  (14)  in  m 

program,  comprised  in  an  alpha-language,  is  designed  as  procedure  U . 
The  algorithm,  which  realizes  the  selected  mode/ccnditions  of 
heating,  is  represented  in  the  form  of  a  block-program  in  Figure  1. 

Let  us  clarify  the  work  cf  algorithm.  In  the  process  of  heating 

is  realized  checking  the  ccnditior 

qAht)>D,  (35) 

where  D  -  preset  temperature  cf  th«  surface  of  ingot.  If  this 
condition  on  is  satisfied,  then  occurs  transition  into  beginning 
of  program  to  procedure  H. 
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But  if  this  condition  is  satisfied,  then  is  conducted  t  h  e  ~ 
for  such  feed  of  fusl/pr CFsilant,  during  which  condition  (35)  w: 1 
broken.  The  named  search  is  designed  as  the  search  for  the  root  o 
the  expression 

y  =  D—e,—q,(l i,  t),  (36) 

vhera  ei>0  -  certain  assigned  nuirber. 

It  is  obvious  that  with  satisfaction  of  condition  (35)  y<0, 

with 

9i(h,  t)  +  e,<D  (37) 

y>0. 
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"golden  section"  [11]. 

In  the  process  cf  the  work  cf  program  under  condition  (35)  is 
conducted  checking  the  relaticr.ship/ratic 

e<5,  (38;  k 

where  e-  -  value  of  the  interval  cf  uncertainty /j  ndotermir.arcy,  6  - 
preset  accuracy  of  the  search  for  root. 

If  th9n  the  search  for  root  is  continued  for  transition  to 

label  M,,  otherwise  we  have  (Fig.  1) 

v  =  -y(a,4-uj)  (39) 

and  we  pass  tc  label  M  for  the  access  to  procedure  H. 

Results  cf  numerical  sclutions. 

Calculations  are  carried  out  for  the  well  by  the  si  ze/di  mer.sicr. 
5.2x4.5x3.15  of  m  and  ingots  they  became  the  brand  of  08  KP  the 
size/dimension  1.2x0.7x1.86  of  m  cf  the  type  VS  13.3.  The  coeff icier.*- 
of  the  volume  absorption  cf  the  heating  environment  a  is  accepted 
equal  to  0.11  1/m,  and  emissivity  factor  of  the  surfaces  cf  ingots 
and  laying  -  equal  to  1. 


Are  preliminarily  calculated  the  coefficients  of  radiation  he» 
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exchange.  For  the  case  cf  heating  eight  ingots  they  nav  =  thf' 
following  values: 

tyi  =0,534;  $)2=0,350;  $2i=0,008;  $*2=0,824. 

The  functional  dependence  cf  the  thermophysical  characteristic? 
of  steel  of  the  brand  cf  08  KF  cn  the  temperature  is  constructed  cr. 
the  basis  of  data  of  work  [13]. 

Are  selected  the  following  values  of  the  thermcphy sical 
parameters  of  the  material  of  laying  \2=1.31  w/m«deg,  a2  =  0.032i  m?/h 

re¬ 


calculations  are  carried  out  at  the  values  of  the  parameters  of 
the  model:  1)  Q=1856  W/m3*h,  2)  fc.  =  600°K;  3)  ?,  =  1000°K;  4 ) 

7=1.61  (taking  into  account  the  observation,  given  above);  5)  pc=0. 40 
W«h/m3»deg,  6)  n  — 0,8;  7)  v=4000  m3/h  (at  the  maximum  heat  output 

of  well);  8)  Ft=7.07  m* ;  9)  F2=106  m*  ;  10)  lt^O.9  m;  11)  12  =  0.7  m; 

12)  u,  =  293°K;  13)  D  =  1523°K;  14)  ii/ m««deg. 

Calculations  are  carried  out  cn  TsVN  3ESK-3M.  Examples  of  the 
solutions  (heating  eight  ingots  of  hot  settlement)  are  given  in 
figures  2  and  3,  where  1  -  consumption  of  gas  fuel,  2  -  tsmperatur* 
of  gaseous  medium  in  the  well,  3  -  temperature  of  the  internal 
surface  of  laying,  4  -  temperature  cn  the  surface  of  ir.qct,  5  - 
temperature  cn  the  axis  cf  ingot. 
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Page  49. 

The  figure  2  corresponding  to  the  high  enthalpy  cf  laying  irtc  th 
the  initial  moment  in  time,  and  figure  3  -  low. 

The  analysis  of  results  gives  grounds  to  do  following 
conclusions. 

1.  'Worked  out  algorithm  cf  simulation  of  standard 
mode/conditicns  correctly  realizes  one  of  used  in  practice 
modes/conditions  of  heating. 

2.  Common  picture  of  course  cf  process  of  heating  metal  in 
soaking  pit,  according  to  data  cf  calculations,  will  be  coordinat 
well  with  physical  representations  about  object  of  study. 

3.  In  all  cases  is  very  clearly  visible  period  of  languor. 

4.  Initial  enthalpy  cf  laying,  ether  conditions  being 
determines,  actually,  entire  course  of  the  process  of  heating  met 
especially  sharply  having  effect  cn  heating  time. 
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Interpolation  codes,  which  correct  errors. 
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Finite-differsnce  diagram  ar.d  task  cf  solf  ccrr^ctio 
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Long  befer?  the  emergar.ee  cf  the  theory  cf  the  cc:;s,  which 
correct  errors,  in  the  theory  cf  interpolation  were  use  1  the  mr-th 
of  detection  and  correction  of  erroneous  values  in  the  tables  of 
functions.  The  capability  of  interrelation  procedures  for  the 
correction  of  errors  most  brightly  is  exhibited  during  thc 
equidistant  selection  of  the  assemblies  of  interpolation.  Tv:~  fa 
is  discovered  due  to  the  specific  behavior  of  finite  differences 
the  higher  orders.  Are  traced  below  some  versions  of  the  construe 
of  the  codes,  which  correct  errors,  in  light  cf  t  h«  capability  cf 
interpolation  procedures  indicated  fer  self  correction.  Let  us  h? 
from  an  illustrative  example. 

Example.  Let  us  consider  the  field  of  deductions  or. 
mod ul us/m cdule  p  =  1 1 .  Let  bo  preset  the  sequence  cf  symbols  cf  nin 
e  le  ments  of  the  f  u  11/tcta  1/co  m  p  le  te  system  of  deductions  or.  this 
modulus/module  (3,  7,  9,  h,  5,  1,  8,  3,  2).  Let  us  compose  for  fh 

sequence  the  table  of  finite  differences. 

L? t  us  further  continue  the  table  nf  differences,  after  fill 
in  if  the  vacant  places. 


F 

AD-AQ96  MO 

UNCLASSIFIED 

FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  AFB  OH 
THEORY  OF  COOING  INFORMATIONAL  SIMULATION. (U> 
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For  this  purpose  we  will  ccunt  the  difference  A8  cf  constant  (i 
this  case  A8=9)  .  This  is  implemented  by  procedure,  reverse  to  the 
calculation  of  finite  differences,  for  example,  for  the  new  valua  A T 
we  will  have  8+9 (mod  11)«€. 


Let  us  write  out  the  latter/last  line  of  differences  and  let  us 
use  to  it  the  procedure  cf  the  continuation  of  tabls. 


As  a  result  initial  code  3,  7,  9,  4,  5,  1,  8,  3,  2  is 
supplemented  by  two  new  positions:  2,  0;  subsequently  all  symbols  of 
the  code  periodically  are  repeated.  This  expanded  code  we  will 
consider  as  surplus.  Let  us  introduce  distortion,  for  example,  into 
third  position  of  the  cede  in  guesticn,  after  replacing  symbol  9  wit 
symbol  5.  Let  us  compose  for  distorted  code  3,  7,  5,  4,  5,  1,  8,  3, 
2,  2,  0  table  of  differences  (taking  into  account  to  periodicity)  .  W 


will  obtain: 
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Key:  (1).  Inforaaticnal  syabols.  (2).  Surplus  symbols. 


Column  of  differences  A®  -  control  room.  The  propagation  of  th 


error  in  the  table  of  finite  differences  is  contoured 
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099808049 
3357  10  10  229 

741701209 
9  2  9  8  1  1  0  9  9 

464898779 
5  1  6  2  7  9  1  5  9 

176092439 
870557519 
3  6  10  10  5  0  4  10  9 

2  10  4  5  6  1  1  8  9 
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From  the  analysis  of  this  table  it  is  evident  that  it  possesses  th= 
discovering  and  correcting  ability:  distortion  in  the  control  column 
is  the  sign/critericn  of  error;  the  distorted  part  of  this  column  is 
United  to  th®  pairs  of  the  undistorted  symbols;  the  horizontal 
outline  of  the  distorted  part  of  the  table  of  finite  differences 
indicates  the  distorted  position  of  the  initial  code.  Correction  c»r. 
be  carried  out  in  the  undistorted  line,  which  directly  adjoins  that 
distorted : 


NNNniN^N 


Based  on  this  example  is  shewn  the  possibility  in  principle  of 
using  the  methods  of  self  correction,  used  in  the  theory  of 
interpolation,  for  the  ccrstructicc  of  the  self-correcting  cod»s. 
However,  the  construction  of  the  tables  of  finite  differences 
especially  at  the  high  values  cf  p  and  the  survey/co ver a g a  of  tht-s? 
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tables  -  procedure  is  bulky.  Ir  order  net  be  enuaeratc  th-  ~abl  • 
differences,  wa  will  use  the  structure  of  bh *  formula  cr  a  finite 
difference  ir  the  m  order  for  the  sequence  of  numbers  o.\,  ui, . . . ,  am: 


k- 


Let  G(p)  -  bc  bh*  prime  field  of  character 
function,  deterained  on  G  (p)  with  the  values  in 
finite  differences  1^“<P(0)I#  at  seme  values  of  m. 

(')-{?•  "W’r^  (mod,). 

\r  j  {  1,  npH  r=0,  p 


Stic  p,  <r(*)  —  >"  '1 
G  ( p )  .  Let  us  co r. s 
Since 


Kay :  (1 ) .  with 


t  hat 


A'-«(0)=?(0)-?(|p|,)=0. 

By  this  is  explained  the  periodicity  of  the 
differences.  Further,  since 


tables  of  finite 


l^P  Sj__ 


with  s^>1 
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Hence,  in  particular 
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i^-hmP=  2?<*>  * 

*-0  p 


l^-MO)lp=  1-2  (*  +  D'fWU- 


3y  construction  of  the  self-ccrr acting  c cd *  cn  thase  d^  f  f^r  *r.c-z 
are  superimposed  the  limitations 

)Aj>~23(0)]j,=0,  1A«>-‘?{0)|j,=0. 

These  limitations  lead  to  the  following  formulas  of  the 
calculation/enumeraticn  cf  surplus  symbols  of  the  code: 

V-»H?(p— 2JI,—  1 2  (*  +  Drik)  I,. 

*=0 

J>-» 

*p-i=|-9(P-1)-<P0>-2)|,=|2  ~Ah)\„ 

k-0 

which  are  simultanec usl y  checkout  relationshi fs/ratios  and  from  which 
it  follows  that  the  code  indicated  corrects  any  error  for  arbitrary 
symbol.  Actually/really ,  let  the  error  occur  in  ths  informational 
symbol  with  number  k=i  (0^i$p-3),  then  for  the  distorted  cod*  wo  w?  11 


have 


^-2=  12  <*  ■ +  Mk)+(t  +  I'M*,. 

*- 0 

v-i  “  i2  &  *)+ 
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where  tf<)  =  MO-v.i,. 

He  fora  the  differences 

1==I*j»-i —  *p-il,==|— v«l,.  (1) 

'p_2=jip_,— aJ^J|J)=|(i-:  lX-ViX,.  (2) 

Page  55. 

Froa  relationships/ratios  (1)  and  (2)  it  follows  that  for 
arbitrary  error  Vl7to  occur  relationships/ratios  C*-»y*0, 

aoreover  *p-i  is  the  value  of  correction,  and  the  nuaber  of  the 
distorted  position  is  deterained  frca  (2)  according  to  the  formula 

If  distortion  occurs  on  one  of  surplus  positions,  then  one 
eleaent/cell  of  pair  ('*-*.  V-0  is  different  from  zero  and  precisely 
on  that  position  on  which  occurred  the  distortion,  moreover  this 
eleaent/cell  is  the  value  of  correction. 

Thus,  in  all  cases  isolated  error  unaabiguously  is  discovered 
and  is  corrected. 

Exaaple.  Lat  p«11.  Let  be  given  code  (3,  7,  9,  4,  5,  1,  3,  3, 

2).  Let  us  fora  surplus  syabols: 

a,-|3  +  2-7  +  3'9  +  4-4  +  5-5  +  8-l  +  7-8+8-3  +  9-2|li=“2. 
a,o- 13+7 +9+4  +  5  +  l+8+3  +  2|  n -9. 
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Let  the  distortion  be  is  permitted  on  the  position  with  number 
1*2:  the  symbol  of  9  distorted  tc  5.  He  form  surplus  symbols  of  th* 
code 

o«H  3+2-7 +  3-5+4-4+5-5  +  6-l  +  7-8+8-3+9-2|n  =  l, 
otio*  |3+ 7+5+4+5  +  1 +8+3+2 j  n  =»5. 

Hence 

C*-!0* — a*|  n-|2—l  |  n  =  l, 

5i#*s|ai*—ai#|n“|9—5|n»4- 

Consequently, 

i  *  1 4"'-l— 1 1  ,i  ™  1 3 — 1 1 =  2, 

i.e.  symbol  with  number  i=2  must  be  corrected  by  addition  to  value  4 

Lat  us  consider  more  gener al/more  conmon/more  total  approach  to 
the  construction  of  the  codes,  which  discover  and  which  correct 
errors,  that  is  based  on  the  noopcsitional  multiplicative  compositio 
of  vectors  and  using  representations  of  polynomials  in  the  form  of 
Lagrange* s  inter polaticn  formulas.  In  connection  with  this  the 
self-correcting  codes  are  named  (n,  k)  Lagrange’s  -codes.  Are  traced 
also  the  design  features  cf  the  synthesis  of  Lagrange's 
self-correcting  codes. 
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(H,  k)  Lagrange's  -codes 


In  the  theory  of  ceding  the  linear  code,  which  corrects  errors, 
is  interpreted  as  linear  subspace  Em  (dimension  m)  linear  space 
(m<n)  above  final  field  F,.  Cede  vector  a=(ai,  a2,  . . . ,a„)  is  called 
correct,  if  oeF*,  ire  examined  these  combinations  of  errors  s’  vector 
-  error),  which  derive/ccrclude  the  distorted  vector  from  Em,  i.e. 
a+b<£Em.  The  procedure  of  detection  and  correction  of  errors  or,  which 
is  the  same  thing,  the  algorithms  cf  coding  and  decoding,  depend  on 
the  method  of  introduction  of  multiplicative  composition  a*b  above 
the  vectors  of  space  the  assignment  to  the  multiplicative 

operation  *,  associative  and  distributive  relative  to  additive 
operation  *  about  that  satisfying  the  limitation 

V*eF,t  x,  y  e  E„:  *x*y  =  x*yy  =  a(x*j/), 

converts  space  E„  into  the  linear  algebra  (rank  n  above  F,). 

Let  us  consider  the  following  type  of  the  composition  of  the 
code  vectors  of  the  linear  code. 

®s(Q|i  ©2»  •  •  •  *  *.)?  •  •  •  »  ?*)» 

then 

h*(oiPi,  . , . ,  3,9,,),  (3) 

Relative  to  this  composition  in  work  [  1  ]  it  is  said:  "Determin'd 
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thus  multipl ication  it  is  used  is  sufficiently  rare".  Are  known  orl 
Heed-Muller ' s  codes  [1],  which  are  based  on  the  composition 
indicated. 

Lat  us  introduce  the  following  interpretation  of  the  vectors  o 
linear  space  Then  ®i.  ®s>  •••»**■  -  n  cf  different  element  s/cells  cf 

field  of  those  regulated  scmehow. 

Under  vector  a=»(ai,  a*.  . . . ,  «a)  is  understood  polynomial  a(x),  whi 

at  points  ®i.  takes  values  «i,  a* . a.  respectively.  Th=n 

under  composition  7*b  of  vectors  a*>(ai,  a . .  *.)  and  "b«(Pi,  Pi, . . . ;  PJ  is 

understood  the  polynomial,  which  accepts  at  pcints  “>*»»*•••*•«  of 
value  oiPi«  o*Pa»  •  •  • . 

The  mathematical  apparatus  of  the  synthesis  of  the 
self-correcting  codes,  which  is  based  on  composition  (3),  is  fight 
connection  with  apparatus  of  the  theory  of  interpolation  in  the  fin 
fields.  In  connection  with  this  let  us  note  seme  most  important 
properties  of  this  apparatus. 
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Lat  ^»[*1  -  be  ring  cf  the  polynomials  above  field  Ft.  in  virw 

of  the  algorithm  of  the  Euclidean  division  of  polynomials  fer  any 
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pair  of  polynomials  f{x),  p(x)  (st.  p(x)*0)  there  is  an  or.ly 

pair  of  polynoaials  q(x),  r(x)  e^f  [*1,  of  such,  that 

/(x)  =  g(x)-p(x)+r<x),  (4) 

cr.  r(x)<cr.  p(x).  (5) 

Let  us  designate  through  <•)„.,  many  all  polynomials  of  degree  less 


than  degree  p(x),  and 


r(x)=</r(x)U*j. 


_  T  /(*)  1  /r(*)-</(x)|p(I1 

9(x)-h*i)J - W) — • 


It  is  not  difficult  to  check  the  validity  of  the  following  asserticr., 


Theorem  1,  Expansion  (4)  under  condition  (5)  determines 
representation  </(*)!**>  of  ring  onto  ring  i.e. 

<^(*)l*x):  & «[x]-»-<  'IjKje). 

This  representation  possesses  the  properties: 


2.  «/(x)U<,)*<4(x)|^,)U*)=</(*)*9(*)U*); 

3.  <Cf(x)i^x>»(*)|»(*)— f(x)(#(*); 


4.  =  0.  ecaa  <f(*)|**>=  f(*Y, 

5.  <  ^xJ^xJU,  *<*  i=?(x)<  /(x)|**> ; 

«•  <[»]L-<[:2%-t]L 


Using  a  Euclidean  algorithm  cf  division,  it  is  easy  to  show 


J 
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that,  if  <*i»  aj.  different  rects  of  poly  no  irial  the 

f  (x)  is  divided  into  (x-at)  (x-a2)  ...  (x— a*).  In  particular,  hence  it 
follows  that  polynomial  1*1  of  degree  n  has  larger  n  cf  roots. 

Let  0(x)=x* — x.  This  polynomial  possesses  the  important 

property:  it  is  equal  tc  zero  at  any  values  ief,. 

Page  58. 

By  zero  polynomial,  as  is  known,  is  called  the  polynomial  whose  all 
coefficients  are  equal  tc  zero.  The  ring  of  polynomials  Ft[xj  abova 
the  final  field  differs  significantly  from  the  ring  of  polynomials  on 

in  terms  of  the  field  of  characteristic  by  0  fact  that  in  Fq[x]  are 

nonzero  polynomials,  which  take  value,  equal  to  zero,  at  all  points 
of  field.  It  is  obvious  that  all  these  polynomials  are  multiple  e  (x)  . 

Therefore  in  ring  ■P*[*I=<-| *»(»>  similar  to  the  case  of  the  field  of 

the  characteristic  of  0  value,  they  are  equal  to  zero,  at  all  values 
x*Ft  accepts  only  zero  polynomial.  Hence  follows  assertion. 

Theorem  2.  With  n$g-1  there  is  a  single  polynomial  f(x)e.F,[x] 
degree  ^n,  such,  that  he  accepts  with  n*  1  the  different  values  th-> 
variable/alternating  r:  coo,  «i,  ....  the  preset  values  f(  w0)  • 

f(  «i),  ...,  /(<■>»). !  This  polynomial  is  determined  by  Lagrange’s 
interpolation  formula 

rt,)=2 /'(«*)£<*'(*), 
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where 

U*Xx)  =  ■(*-*•> 

"  (<*»* — “•)(“* — (Ui)-  •  •(«*— »1+1). .  •(<»»— «•„)• 

Principle  of  the  introduction  to  redundancy.  Evaluation  of  Hamming's 
minimus  weight. 

Let  us  introduce  auxiliary  symbolism. 

I,--  many  all  elements/cells  of  field  F„  .  regulated  it  by  the 
fora:  woOt<  ...  All  subsets  of  set  J«  are  regulated  in 

accordance  with  order  V 

1,  -  subset  from  the  n  elements  of  set  I,. 

I*  -  subset  from  k  elements  cf  set  I.. 


cl*--  complement  of  a  set  I*,  to  I.. 


P^x) 

PV*W> 


,  »rGl*. 


In  accordance  with  interpretation  examined  above  of  vectors 
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(a,,  d2, . . . ,  2,)  space  En  is  equivalent  to  the  ring 
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<  *lp,  (*)={<*(*)!  o(x)  =2  arL‘/)(*)}. 

*  "r«.  * 


The  circular  operations  above  the  vectors  are  determined  by  th 
rules: 

<*+ h==(*i  +?i.  ....  “»+?»)•« — ►a(x)+h(x)  = 

=  2  <«r+WWt 
-,ai,  * 

•  ax  b=(vPi.  <vPj . a* *P»)'*-~>'<a(x)h(x)|p  (l)= 

*» 

=  2  «rPriir)<*)‘ 

-r«» 

Let  us  introduce  two  types  of  the  conversion  of  code  words. 

1.  Interpolation  from  assemblies  J  to  assemblies  cJ.  Th^  entity 

of  conversion  is  reduced  to  the  following.  Let  J=  (  il#  i2r  ...,  i*)« 
on  code  vector  ^a,*>  **• . *'*)  be  restored  Lagrange's  multi-canoe 

or(z)=»<  a(x)t^  =2 

Purther  in  assemblies  »ficJ=  JJJ  .  are  calculated  the  values  of 
polynomial  ari*Y- 

«v(®;)=2  cJ. 

2.  Taking  graatest  integer  from  assemblies  I.  to  assemblies  J 
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The  entity  of  conversion  is  reduced  to  the  following.  In  assemblies  J 
are  calculated  the  values  of  the  polynomial 

l  PcA*)  1' 

Is  realized  this  conversion  by  scans  of  the  interpolation  in 
accordance  with  formula  (7). 

Determination.  I*  -  many  informational  assemblies  with  cl»  - 
many  surplus  assemblies.  ot,  a2,  ...,  at  -  information  symbols  of 
code  vector.  Surplus  symbols  «*♦!.....*«  let  us  determine  by 
interpolation  from  assemblies  1*  to  the  assemblies  with  cl4 
according  to  Lagrange's  formula 

•i«*  * 

Page  60. 

As  result  we  obtain  (n,  k) -cede  which  we  will  call  Lagrange's 

code. 


From  the  daterminaticn  escape/ensues  the  following. 

1.  Code  vector  <a(x)f  ^  ~(a„  a2,  a,)  belongs  to  code  space 

■E* <'|jIjk  when  and  only  when  <o(*)l*I|k  =  <*(*)»  cr,  which  is  the  sei* 
thing. 
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2.  Process  o£  coding  does  not  distort  informational  symbols  and  is 
reduced  to  interpolation  from  irf crmational  assemblies  to  surplus 
ones. 


3.  Any  set  from  k  symbols  (nf  k)  of  Lagrange*  s  -codes  (in  view  cf 
theorem  2)  can  be  accepted  as  set  cf  informational  symbols. 

Theorem  3.  p(x)  and  q  (x)  -  mutually  simple  polynomials,  wit  h  ary 
(J(x)e  .  the  equation 

(» 

has  unique  solution  in  class  <•!*»>.  if  st .  q(x)  >,  st .  p(  x). 

Equation  (8)  is  equivalent  tc  the  equality 

Hence 

-P(*)p(*W  '  (8) 

From  the  condition  st.  q(x)£,st.  p(x)  it  follows  that 
<*U«>  <2  <.  •!«<»>  ,  therefore  « C(x)$(x)|**>l«*>  =*  <  C(x)  «(x)  !*,>  and  -quality 

(9)  accepts  the  form 


<  3*)KxW-  < 
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S(x)=  <  «-1(x)< — P(x)p(x)|f„>|*,>. 


Theorem  4.  Por  the  detection  of  a  d-  multiple  error  by 

c £ 

Lagrange* s  code  it  is  necessary  and  it  is  sufficient^*  cf  excess 
symbols. 


Sufficiency.  Let  2i,  (<d)-  many  all  subsets  of  set  ^I«.  consisting 
be  not  more  than  of  d  elements/cells.  Kith  any  Je2ia  «d)  tc  the 
vector  of  the  error  for  multiplicity  d  is  compared  the  polynomial 


where 


V,j(ac)=P^(x)-Arf  (x). 


2W*). 

-«w 


Respectively,  distorted  vector  a(x)=a(x)+Vi  (x)  it  will  have  in 
the  symbols  with  numbers  i  cf  the  distortion 

W/JWl 

Transfer  of  greatest  integer  from  information  assemblies  I*  »  to 
surplus  assemblies  with  cl,.  leads  to  the  expression 

But 

«(x)-  <a(x) U  -a(*)+Vw(*)-<a(*)^,  V 

Since 
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that 


P„(x)X,(x) 

Vl) 


]• 


So  that  the  latter/last  equation  would  have  unique  solution  wi 
any  P(*)e  <.'lreik.  according  to  theorem  3,  it  is  sufficient  sc  that 
would  be  satisfied  the  ccnditior  st.  ■?«(*» ct./Mx).  3ut  st.  Pj(x)^d. 
Therefore  for  the  detection  of  any  error  for  nultiplicity  not  high® 
than  d  of  sufficiency  so  that  would  be  satisfied  the  condition  st. 
Pcik(x)-d. 


Meed.  Let  us  show  that  the  aininun  weight  of  Meaning  of 


Lagrange’s  cede  with  d  by  surplus  symbols  is  equal  to  do 
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Let  code  vector  a(x)  * — o»,  . . . ,  belong  to  code  spacs,  i. 
<a(x)  »a(x>  then  st.  a(x)^n-d-1,  since  st.  Pik(x)-n—d.  Heno?  it 

follows  that  a  saxiaua  nueber  of  roots  of  polynomial  a(x)  is  equal 
n-d-1#  i.*.,  any  code  vector  a  (x)  has  the  less  than  d»l  nonzero 
syebols. 

Corollary  1.  As  is  known  [for  2],  the  code,  which  has  length 
the  ainieaa  distance  d+1  and  a  taxiaally  possible  number  of 
informational  symbols  n-d,  it  is  called  maximum.  Thus,  Lagrange's 
codes  with  any  n^q-  1  and  any  method  of  the  adjustment  of  asspmblir 

are  maximum. 

Corollary  2.  For  detection  and  correction  of  d-multiple  error 
(n,  k)by  Lagraage's  -code  n^q-1  it  suffices  to  have  2d  surplus  :r.« 
of  symbol. 

Comparison  of  Lagrange's  codes  with  Reed-  Solomon's  codes. 
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Lat  us  consider  the  translation  algorithm  of  th«  polynomial, 
represented  in  the  form  of  Lagrange 

F(x)-  2  FimtWKxl  (10)' 

-~t  * 

into  the  polynomial,  arranged/lccated  according  to  the  degra^s 

i-l 

n«>-2/c*toA  (id 

M 

Ve  have  i 

ii>) — S;— •(v).  .  <>2) 

where 

®(i)  “■  -2  **  (13) 

M 

Formula  (13)  makes  it  possible  to  present  Lagrange's  fundamental 
polynomials  (12)  in  the  fora  of  polynomial  according  to  degrees  of  x. 
Let  us  assume  «o=0,  «i*1  (unit  of  field),  substituting  exponential 
representation  in  (10)  and  being  congruent/equating  that 

obtainad  with  (11),  we  have 

1—1 

m  -  -  2 

>-i 

/(«-!)-  -2^(«A 
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k.  1 


M it* 
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la  particular,  examining  many  assemblies  I'f  with  the  excluded 
zero  element /cell,  we  obtain,  that  the  polynomial 

TO-  2  TO>*i'TO  (14) 

mJ*vt  f 

is  converted  into  the  polynomial 

TO -2  TO**  (15) 

>•0 

according  to  the  formulas 

*— i 

TO=-2TO>*r‘-  (i6> 

Formulas  (15)  and  (16),  strictly,  and  determine  coding  by  Reed- 
Solomon's  codas. 

fo,  fu  ....  -  informational  symbols,  v e  form  the  polynomial 

F(x)~f,+f1x+ftxi+. . . 

and  let  us  fora  the  values  of  polynomial  P(x)  in  assemblies 

F(ai),  •  •  • ,  which  determine  code  vector.  The  process 

of  decoding  is  reduced  to  the  calculation  of  sums  (16)  with  0^k^g-2, 
in  this  case  as  checkout  relaticnships/ratios  tney  serve 

f-t 


Thus,  Beed-Solomon 's  codes  use  for  the  process  of  coding  and 
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decoding  of  formula  (15)  ar.d  (16),  that  escape/ensue  from  Lagrange's 
formula  (14),  Differ  Feed-Solomcn ' s  codas  from  Lagrange's  codes  ir. 
terms  of  the  processes  of  coding  and  decoding:  in  the  case  of 
Lagrange's  codes  informational  syebols  /o,  tu  •  •  •  .  f *-i  remain 

invariant  in  tha  recording  of  cede  vector,  whereas  in  the  case  of 
Reed-solomon' s  codes  they  are  converted  into  tha  values  of  polynomial 
P(z)  at  points 

Page  64. 

This  fact  can  sarva  as  basis  for  the  decrease  of  the  capacity  of 
conversions  in  the  processes  of  ceding  and  decoding  in  the  case  of 
Lagrange's  codes  in  the  comparison  with  Reed- Solomon*  s  codes. 

A  vital  difference  in  Lagrange's  codes  from  the  ciclic  cod-s 
escape/ensues  from  a  difference  in  the  types  of  the  multiplicative 
composition  of  the  vectors  on  which,  strictly,  rest  the  methods  of 
coding  and  decoding.  It  lies  in  the  fact  that  Lagrange's  codes  can  be 
considered  as  the  codes,  in  a  sense  dual  by  cyclic. 
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ONE  METHOD  OP  DETECTION  AND  CORRECTION  OF  THE  ERRORS  IN  A  SYSTEM  OF 
RESIDUAL  CLASSES. 

V.  M.  Amerbayev,  Yu.  L.  Zakharov. 

During  the  construction  o£  the  contemporary  computers,  vhich 
work  on  real  time  with  the  high  degree  of  reliability,  the 
use/application  of  the  corrective  codes  for  tha  correction  of  rhe 
errors  in  transmittings  and  information  processing  becomes  urgent 
practical  task.  If  the  corrective  codes  sufficiently  extensively  are 
used  for  the  protection  from  the  disturbances  with  the  transmission 
of  information,  its  reading  frcm  differant  carriers,  then  the  use  cf 
the  corrective  arithmetic  codes  is  limited.  This  is  explained  by  the 
fact  that  very  process  of  decoding  (detection  of  error)  takes  away 
the  time,  commensurated  with  the  time  cf  the  fulfillment  of 
arithmetic  operation,  if  we  for  the  correction  of  errors  apply  the 
divisible  and  indivisible  arithmetic  AN-coias  or  (n,  k)-ccdss.  The 
decoding  equipment  for  these  codes  is  obtained  sufficiently  simple, 
if  we  use  them  for  the  protection  from  the  short  duration  failures  in 
the  devices/eguipmant  of  consecutive  information  processing.  However, 
in  the  devices/aguipment  of  parallel  information  processing  their 
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use/application  leads  to  a  sharp  increase  in  the  equipment  for 
decoding  and  a  decrease  of  the  high  speed  of  arithmetic  unit.  Tne 
protection  of  very  diagrams  of  decoding  requires  in  this  cass  of 
special  measures  (at  least  redu ndancy) so  that  the  failures  of 
elements/cells  would  not  upset  the  operation  cf  computer.  Therefore 
the  given  codes  are  used  in  the  digital  computers  (TsVW)  only  for  l:h: 
detection  of  errors.  Is  known  one  additional  class  of  the  corrective 
arithmetic  codes  -  codes  in  the  systee  of  residual  classes  (SOK)  [3]. 

The  introduction  of  two  control  bases/bases  for  the  codes  in  the 
reaainders/residues  during  the  specific  limitations  makes  if  possible 
to  discover  and  to  correct  all  isolated  errors  from  the  working  or 
control  basis  of  system. 

Page  66. 

However,  the  method  of  determining  the  inaccurate  deduction  by 
oeission  of  one  of  the  basis  of  systee  and  the  restoration/reduction 
of  number  value  in  that  a bbre viated/r educed  SOK  requires,  in  the 
first  place,  the  long  computing  tine,  in  the  second  place,  cf  a 
considerable  quantity  of  constarts  with  the  diverse  variants  of  ths 
excluded  bases/bases.  For  the  high  speed  arithmetic  units  this  method 
is  not  sufficiently  to  efficient  ones. 
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Are  at  tha  prasent  time  known  works  [5,  6],  dedicated  to  th» 
analysis  of  the  properties  of  the  self  correction  of  the  code  in  t h • 
remainder s/residues.  Proa  the  works  about  the 

concrete/specific/actual  realization  of  tha  properties  of  th®  self 
correction  of  the  codes  in  the  remainder  s/res idues  let  us  note  worn 
[4],  where  is  examined  the  four-modular  version  of  numeration  system 
in  the  remaindars/residues  and  is  shown  tha  high  efficiency  of  the 
properties  of  the  self  correction  of  the  codes  indicated. 

The  procedure  of  decoding  it  is  expedient  to  combine  with  the 
operation  of  rounding.  This  will  make  it  possible,  in  the  first 
place,  to  avoid  tha  danger  of  the  multiplication  of  tha  error  in  the 
process  of  rounding,  in  the  second  place,  to  avoid  the  effect  of  the 
processes  of  decoding  and  check  on  the  productivity  AD,  thirdly,  to 
implement  the  process  of  decoding  on  the  equipment  for  rounding.  This 
joining  of  the  procedure  cf  decoding  to  tha  process  of  rounding 
requires  the  account  of  effact  on  VA  of  tha  self  correction  of  all 
modifications,  introduced  into  the  device/equipmect  of  rcunding  for 
the  purpose  of  tha  decrease  of  equipment  and  increase  in  the  high 
speed. 


We  study  the  properties  of  the  self  correction  of  the  code  ir 
the  raaainders/residues,  being  based  cn  tha  procedure  cf  roundirg, 
axaoinad  in  work  [8].  Let  us  note  that  in  this  article  is  used  tha 
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notation,  accepted  in  [8], 


Let  the  operating  range,  determined  by  the  system  of  bases/oases 
P,  be  connected  with  the  further  range,  determined  by  basis/basa  Q, 
with  ralationship/ratio  P-Q-h. 


Let,  further,  K1#  K2  -  ccntrcl  bases/bases,  utilized  for  the 
detection  of  error,  determinations  of  its  position  and  value.  Let  us 
designate  through  p«*  value  P**-2tP,  where  basis/base  t  is  dictated 
by  the  procedure  of  rounding,  and  basis/base  2  is  used  for  the  sign 
representation  of  numbers  [7].  Let  us  designate  through  p*,  the  first 
basis  of  system  P,  and  through  -  value  pl=2tp»1. 


Let  the  error  occur  on  one  of  the  basis  of  system  P''  =  2tP.  The 
true  value  of  number  A  can  be  presented  in  the  form 

Let  us  loot,  what  effect  proves  to  be  the  imposition  of  error  or. 
the  i  basis/base  range  P*'. 
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It  is  here  necessary  to  distinguish  two  cases:  i=l  and  i/l,  since  ir 
the  first  case  of  p*  -  even  number  (pt=2tp* x)  ,  The  imposition  of 


error  indicates  addition  and  to  initial  A  of  a  number  of  form 


i 
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^Pi'QKiKt,  whare  A4  -  value  of  error  on  i  basis/base  (lsj£A,  1) 


Pi==7T;  ^=2-t-P. 


In  this  case  the  distorted  nunber  will  taka  the  following  form: 

=IC+ +WQKtKt+ 

(1) 


Here  and  throughout 


-\-D*  •P\p"<nizt. 


p _  P" .  » _  P  .  _  / _ Pi 

P—  IT’  P‘=  7T!  a  ='57. 


Pi1  -  *  Pt’  n  »■ 

Taking  into  account  the  relationship/ratio  between  ranges 
(P>h=Q)  ,  the  value  of  error  it  is  possible  to  reduce  to  the  form 
\lPi"QKlK2=AiPll'KiKih+\lPl,'K1KiP=\tAtK1Klh{Pl-Pl+ 

+(l,-^^]+A1P/'r1JCt).P  (npn  ^l) 

Key.  (1) .  with. 


r 


and 


\PQKxKt  —  A1PJflZaA+  •?  + 


+([Mg^L]+A|pJj:tJ:l]p  (npi  i=i). 


Key:  (1).  with. 


Then  expression  (1)  with  i  =  1  will  take  the  following  form: 

T^*|  ^  **]  +*i+^iP^A+  £(»«*, x,  ■PU'or.J 


,x„ 


IU^A+WV.*4^A-|c^44iA^ljr1fc|fk.P4f- 
-  4'4j(,i**i]  .^+^1*+^  -iVexA. 


and  with  i=1 
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C-=sC+--J.;  l<A,<Pl-l; 

rc*+j*Airixt*LP»i 

e‘=L - f - J; 


1; 


Thus,  the  distortion  of  the  rounded-off  value  D  during  the 
expansion  of  the  number,  which  has  isolated  error  cn  one  cf  the 
bases/bases  from  number  P,  which  fellows: 

d  =  |  D+h+  [£*•££»*]  +Alp/jyr4*r  A ,  (2) 

here  and  throughout  D_  -  distorted  value  Ik 

The  same  error  itself  introduces  distortion  into  the  formation 
of  rounded  off  value  N"*".  Beprese.nting  number  A"  ir.  its  disintegration 
in  terms  of  range  Q: A=H-f,*N<‘*Q,  we  will  obtain  that  the  distorted 
value  of  value  Nir  will  be  equally 

*+=  IN*  +\PSKlKt\:„jX, .  (3) 

The  parameter  &+,  depending  on  values  IT**  and  if**,  will  obtain  in  this 
case  the  following  distortion: 

.  (4) 

Let  us  designate  value  IF*,  which  is  n.  n.  V.  on  mod  tQK x  K2 ,  by 
symbol  D+'a9,  and  corrected  value  Jtf++G+|£X|r>  “  symbol  and  we 
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fora  their  difference  in  control  lases/bases  (5)  .  Let  us  show  in  th 
case  that  i£|*+“0i  Actually/really, 


but 


consequently. 


I  Vhi>:p  +=i|5-t-*i+ 
-|37,+Alp>r1jrt^H+W<=|8++e1+[^^]^+u 


i  0.-;- ,"2.  .A  ' 
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Let  us  determine  the  fora  of  a  difference  in  the  distorted 
rounded-off  values  in  the  case  cf  isolated  error  in  basis/base  Pi. 
after  substituting  into  the  formula  for  a  difference  in  value  (2)  , 
(3).  (4) 


5==  \pu-  k j«A+ ii  5+^+  [^p]  +^pl"KlK2\;txK,  - 
.  -i*  ♦+ 'ilK,  +[^fis] + 

+H-i+ &*• 


If  from  the  latter/last  expression  to  isolate  |6+|„  the  final 
value  of  a  difference  in  the  rounded-off  values  will  take  the  fora 

S_«([i!*jp.]+4  ,5) 

v  here 


P»»“* 


[  »♦+*!+ 

r*Atx,r,Al 

n 

L  *  J 

L  »  J 
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Parameter  Pnp  characterizes  by  itself  the  spread  of  difference, 
connected  with  rounding  and  imposition  of  error  on  the  true  value  o 
a  number.  Let  us  consider  the  borders  of  its  change.  Since 


i,  4=0,1. 


Pi 


’11/ 


that  Pap  can  take  value  of  0.  1. 


Lat  number  A  be  is  distorted  on  one  of  the  basas/bases  qt  frc 
the  system  of  bases/bases  Q.  Let  us  carry  out  the  analogous  analysi 
of  the  scatter  of  a  difference  in  the  rounded  off  values.  During  th 
expansion  with  Q  on  P*'  KtK2  correct  number  will  be  distorted  as 
follows: 


ll^o,A+A/p-Q^lr,|*<lrir =||A-|+  - 

+A^^lW+’h)Q^ar.,i; 


(6) 
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Taking  into  account  that  P=C"h,  the  value  of  error  let  us 
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present  in  the  form 

AJP"QJKlKt~-t\jKlKlh+tLJKlK3.QjQ=Hq]- 

Then  formula  (6)  will  take  the  following  fora: 

-  -f+ 1^++ *+  *1-1-  [*!'££*-*]+* 


Here 


'  IU-U 

«i=L - 


-U  +4-U  +(9j-\t*jXiX*l 


the  allowed  transition  through  modulus/module  Q  during  the  imposition 
of  error  on  basis/base  q} 

S«0,L 

If  one  considers  that  during  the  expansion  with  Q  on  P*,k1k2  is 
used  the  inaccurate  value  of  rank  A.,  and  also  shift/shear  fot  the 
constant  for  the  formation  of  the  correction  of  rounding  6**  in  th^ 
class  N.N.V.  on  mod  t,  value  T*  will  take  the  fora 


1^+0- 


Here  0— n — rj*+e* — 1  -  indeterminate  value,  which  takes  the  valus 


— " 2<9<t,  -f  ~  ~Hr  .CD 

and  n,  n*-  -  difference  fcetween  the  exact  and  inaccurate  values  of 

the  rank  of  correct  and  distorted  numbers. 


For  determining  the  scatter  of  difference  let  us  find  IT  and  5.* 


with  the  error  from  q, 


m 


DOC  =  81024104 


PAGE 


Page  71 


Consequently, 


•D»*  =  U>+t  bjQjKiK  *!»«*,*, 


and 


»*-|5-y  v-‘l»+”®+  ]l+  . 

Lat  us  consider  difference  in  the  rounded-off  values  and  scatter 
of  this  difference  (in  this  case  also  I5|,+  =0): 

=  }|»+U.x.-e  +  ]-n*,x. 


or 


where 


5=r 


Pji*5 


[■’-HlTlj 


The  borders  of  change  p»B  taking  into  account  (7)  will  be 

Finally,  if  nodular  error  occurs  on  one  cf  the  control 
bases/bases  (for  exanple,  on  K,),  then 

+  (34-fAr1Q^-Pl^8r,ri. 


DOC  *  81024104 


PAGE  \3d 


This  means  that  the  distorted  valua  of  the  roundad-off  value 
•ill  be 

and 

j r+-\N*+tLKtPKt\tntgt. 
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In  this  case  a  difference  in  the  roanding  will  not  obtain 
distortion,  since 

| D+-N+  l,+  =  \D-t*K,QKt-  N+-  t*g,P£t |,= 

=|5+'-jVr+|t*==8*, 

since  control  bases/bases  do  not  accept  participation  in  the 
formation  6  . 


Then 

and 

(8) 

After  substituting  in  (8)  |jD+— W+|(«6+  and  talcing  into  account 

Q=P*h,  we  will  obtain 


i=t&r,Kth. 
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Analogously  with  the  error  on  basis/base  k2 

Thus,  is  obtained  the  set  cf  the  differences  which  occur  with 
the  errors  on  any  of  the  basis  cf  system  P*',  Q,  Kt,  K2 .  Their  set 
consists  of  nuebers  of  fore  £- 1 ,  €  +  1,  £*2  and  is  the 

signs/criteria  of  the  presence  cf  error  on  one  of  the  basis  of  the 
system,  accepted  for  the  representation  of  nuebers.  If  control 
bases/bases  are  selected  so  that  each  isolated  error  answers  only  its 
set  of  differences,  then  isolated  errors  are  divided.  In  this  case 
control  bases/bases  make  it  possible  in  the  process  cf  rounding  tc 
check  the  number,  preset  by  its  remainder  s/residues,  i. e. ,  the 
procedure  of  decoding  and  checking  of  a  number  does  not  require  the 
further  expenditures  of  time,  while  in  the  case  of  the  detection  of 
the  error  are  uniquely  determined  bcth  its  value  and  location. 

Let  us  note  that  the  analytical  forms  of  differences  £  can  be 
used  for  the  selection  of  the  ccntrcl  bases/bases  K t ,  K2,  which 
satisfy  the  requirements  cf  the  separability  of  the  signs/criteria  of 
errors,  obtained  by  the  process  of  decoding,  combined  with  tha 
process  of  the  nonparallel  algorithu  cf  rounding. 


Page  73 
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DEPAH ALLELIZATION  OP  THE  OPERATION  OF  BOUNDING  IN  A  SYSTEM  OF 
RESIDUAL  CLASSES. 

V.  M.  Amerbayev,  V.  S.  Kckorin. 

Use  of  a  system  of  residual  classes  (SOK)  for  the  coding  of 
numerical  inforaation  gives  the  possibility  tc  efficiently 
unparallelize  such  operations  as  addition,  subtraction  and 
auitiplication,  which  in  connecticn  with  this  are  called  nodular.  Tu- 
operation s  of  the  nonpositional  arithaetic  whose  execution  one  way  or 
another  is  connected  with  the  positional  representation  of  the 
nuabers,  which  consist  of  several  procedures  cf  the  type  cf  modular 
operations,  are  called  nonaodule.  The  latter  include  such  operation?, 
as  the  determination  of  the  sign  cf  a  number,  tne  overflow  cf  th» 
range  of  representation,  the  rounding  of  a  number,  the  translation  cf 
number  of  SOK  into  the  positional  system  of  numeration,  etc.  Th?  high 
speed  of  nonpositional  arithmetic  unit  to  a  considerable  decree  is 
determined  by  the  length  cf  the  execution  of  the  procedure  of  tr.  ■> 
rounding  of  a  number,  preset  in  SCK.  Tha  known  algorithms  of  -he 
execution  of  the  operation  cf  the  rcunding  of  a  number,  represented 
of  quadratic  range  [1,  2],  consist  of  two  or  several  procedures  of 
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the  expansion  of  the  working  and  surplus  ranges,  raalizad  especially 
consacutively/sarially. 

In  connection  with  this  is  placed  the  task  of  tracing  the 
possibility  of  the  deparallelization  of  the  operation  of  th<»  rounding 
of  a  number  in  SOK.  In  this  case,  in  the  first  place,  the  artificial 
form  of  representation  relative  to  numbers  must  not  affect  the 
operation  time  of  the  rounding  of  number  [1,  4],  and,  in  the  sacond 
place,  it  is  necessary  to  consider  the  possibility  of  using  the 
inaccurate  value  of  rank,  which  leads  to  the  considerable  reduction 
of  the  equipment  expenditures  in  the  implementation  of  the  procedure 
of  rounding. 

Lat  us  clarify  the  sense  of  the  operation  of  rounding. 

Page  75. 

In  the  article  is  examined  a  question  of  the  rounding  of  tha 
result  of  the  multiplication  of  the  fractions  of  form  A/P,  whera  A  - 
positive  integer  number,  it  represented  in  SOK  belongs  to  range 

P—Tlp,;p,  -  the  basis/base  of  range  P  and  i*1,  n. 
w 

Kith  the  multiplication  cf  fractions  Aj/P  and  A*/P  dees  ap;~»ar 
fraction  A/P*,  where  A*A|«AZ. 


A 
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The  sense  of  the  operation  of  rounding  consists  in  converting 
fraction  A/P*  to  the  fora  1/P  [A/E],  where  [A/P]  -  the  near  whole, 
not  not  exceeding  is  nuafcer  A/P. 

It  is  necessary  to  note  that  for  the  purpose  of  the 
retention/preservation/iaintaining  the  possibility  to  implement  th 
operation  of  aultiplicat icn  aodolarly  it  is  necessary  to  have  a 
redundancy  in  the  representation  cf  numerical  information.  Let 
surplus  range  (C,  P)=1  and  C=P*h. 

.•i 

For  determining  value  [A/P]  let  us  present  number  A  in  tha 
following  fora: 

A-C+D-P,  (1) 

where 

0<C<P  0<A<Pa<P’Q: 

then 


since  D < P,  then 

(Z) 

For  calculation  |D|r  let  us  present  A  in  the  fora 


of 


(3) 
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where 


0s£M<Q. 


Pro*  expressions  (1)  and  (3)  we  have 

Since  0^H<Q,  04C<P  and  0$N<P,  the  correctly 

0<6<A.  (5) 


(4) 

following  expression: 


Page  76. 


Sinca  0^D<P#  than  frca  expressions  (3)  and  (4)  we  have 


D=*\D\r  =| N+  8|,  -  +  l\f . 

For  the  detereinaticn  6  let  os  introduce 
Pg>h,  then  *  fl- 


(6) 

further  basis/base 


correctly  following  expression: 


By  the  specific  selection  cf  bases/bases  it  is  possible  to 
select  such  ranges  P  and  Q  so  that  the  value  h  would  be 
insignificant,  in  this  case  fcreaticn  5  (correction  of  rounding)  ip 
accordance  with  expression  (7)  can  be  realized  in  parallel  with 
calculation  |Af|,  and  \D\q.  it  the  termination  of  deter minaticn  |jv|, 
and  |DU  is  carried  out  ccrrecticn  of  tne  roundad-off  result  on  tha 
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bases/bases  of  range  P. 

Let  us  pass  to  the  examination  of  the  described  algorithm  of  th 
rounding  of  numbers  talcing  into  account  the  sign  form  of  the 
representation  of  relative  numbers  in  SOK,  given  in  work  [4]. 

Let  A “  -  the  integer  of  arbitrary  sign,  |A-|j.+  -  least 

non-negative  residue  (n.n.v. )  cf  number  A*“  on  mod  P,  and  the  system 
of  the  bases/bases  of  ncnpositicnal  arithmetic  is  characterized  by 
value  4PQpg.  For  the  form  of  sign  in  question  the  result  of  the 
rounding  of  number  kwm  is  value 

From  work  ^4]  it  is  known  that  the  restoration/r6ducticn  of 
relative  number  B“*  according  to  its  representation  in  SOK  |B*i£,  is 
realizad  in  accordance  with  the  expression 

b-H!b-&+2P|£,-2j>.  (8) 

Using  (8),  let  us  present  number  A  in  the  following  form: 

A--\\A-1+  +i\l-~-+D-‘P.  W 

Since 

(mod  iPQPg) 

and 

14-is**,-  -  t +d*  p-  <10> 

D-'PsD+'P  (mod  APQpg) 


that 
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or 


D~^D*  (mod  4 PQpg). 
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With 


— 2P*<A-<2P* 

is  correct  the  inequality 


(11) 


— 2P<D'<2P. 

i.e . 

D+=!D-|+w^=|D“!+a^=|C-|+,v  (12) 

Consequently,  value  |2?"|  is  ths  unknown  value  of  the  result 

of  rounding,  represented  ever  range  4Q/v  For  the  formation  of  th=> 
deductions  of  the  rounded-off  result  on  the  bases/bases  cf  r  ^ngr  P 
let  us  present  number  A"  in  the  fern,  analogous  to  expression  (°)  : 


A-^WA-^W  +N-Q.  (13) 

Further,  since 

+^+-Q.  (14) 

we  have 


i  •  e . 


tf--Q=N+-Q  (mod iPQpt), 


N-=N+  (mod  4PQp#). 

Talcing  into  account  (10),  we  will  obtain 


(15) 


FT - - - - - — - - 
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It  is  obvious  that  D+>N>#  then 

6=D* — N*  a  (!)  6X).  (16) 

Key:  (1) .  and. 

When  pg  >max  6  is  correct  the  inequality 

'•5  •  '  - 

«=||Z)-|;  I,  (17) 

i  rg  >  rg  m 

From  expressions  (6),  (15),  (16)  we  have 

|D-|;H|*-|?+ai;.  (18) 

>  Let  us  determine  the  maximum  value  6  with  the  rounding  of  r^lativo 

r 

□umbers. 

Page  78. 

Frcm  expressions  (10),  (14)  and  (16)  we  have 

8=i>+-^+=M-i;pQpj;+^+-A-iti^«,4ri;+ 

(19) 


Prom  the  latter/last  expression  it  follows  that 


min6> — 1  and  max6^A  +  l, 


i.e.  0$  6^  h  ♦  1 . 

Thus,  fcr  the  calculation  6  the  value  of  further  basis/base  p* 
most  satisfy  tha  following  inequality: 


P*>^+ 2. 
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Lat  us  consider  the  pcssibilities  of  using  the  inaccurate  valuo 
of  the  rank  of  a  number  with  the  execution  of  rounding  by  the 
described  method. 


*•  p 

Let  ranks  ,  vc+  and  vM  numbers  C+=  1 1  |A_| 

M=  |  be  computed  inaccurately,  i*  e.  , 


and 


and 


V“Ac*+V*- 


where  dc+  and  a*  -  inaccurate  ranks  cf  numbers  c^and  H ,  and  yic+ 
and  ijjf  -  positive  integer  numbers,  which  show  respectively ,  how 
*c+  and  '•m  is  more  than  and  am. 


Let  \+,  t)M  =*0,1.  then  from  expression  (19)  fellow  that 

M+ir+-k  +-j—c+-ic+-t+vM-Q 
i - - - % -  .  (20) 

From  (20)  we  have 


min*>— 2  and  max8<A+3, 


i.  e . 


-l<8<*  +  2. 
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Since  from  a  technical  pcint  of  view  the  correction  of  the 
result  of  rounding  it  is  desirable  to  implement  either  only  with  the 
help  of  the  addition  or  only  with  the  help  of  the  subtraction,  we 
convert  expression  (20)  : 

-§-* +M- +tt *■ -h-  c*  -  •  p+ 1  a' •« 

8'=  8+1— = - j 5 - 

Be  will  obtain  that  the  value  of  the  correction  6*  of  the  result  of 
rounding  satisfies  the  following  inequalities: 

«'>0  and  ,8'<A+3. 

consequently,  further  basis/base  p,  it  must  answer  condition 


Thus,  it  is  shown  that  for  executing  the  operation  of  the 
rounding  of  relative  numbers  in  SCK  has  the  capability  to  use 
inaccurate  values  of  rants. 
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SEARCH  FOR  THE  OPTIMUM  LAYOOT  OF  THE  COMPUTER  CENTERS  IN  A  HEPU3LIC 
NETHORK/GRID  OF  KAZAKH  SSE. 

V.  Z.  Brodskaya,  T.  V.  Ye  vstife  yeva,  I.  G.  Pil*shchikova. 

During  the  creation  of  republic  network/grid  VTs  first  of  all  if 
is  necessary  to  solve  a  question  about  the 

production/consumption/generaticn  of  its  structure  taking  into 
account  to  the  staging  character  of  creation  and  series/row  of  the 
super imposed  limitations. 

Each  region  of  republic  has  the  central  assembly  point  of 
information  which  in  the  preliminary  stages  either  is  had  available 
the  computational  power  (its  cwn  VTs)  ,  or  it  is  attached  to  VTs  of 
the  nearest  of  the  regions.  The  complex  of  the  computer  centers  of 
the  first  stage  possesses  connections  "each  to  each".  A  number  of  the 
computer  centers  in  all  stages  is  preset. 

Initially  stated  problem  of  the  synthesis  of  the  network/grid  of 
the  computer  centers  was  solved  without  taking  into  account  tha 
already  available  resources/lif etimes  of  computational  power  and 
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lines  of  communications.  In  this  case  it  was  assumed  that  the 
information  flows  between  all  regions  were  known,  the  costs/values  of 
transmission  and  information  processing  known  and  proportional  to 
flow  value,  the  capacities  of  the  lines  of  communications  and  power 
of  the  computer  centers  were  not  limited  and  they  completely 
correspond  to  load. 

Opon  this  setting  the  problem  sufficiently  simply  is  solved  with 
the  help  of  heuristic  algorithm  [1],  that  also  was  done.  The 
realization  of  this  algorithm  gave  the  even  distribution  of  tha 
computer  centers  according  to  the  territory  of  republic  with  the 
small  deviations  to  the  side  cf  the  regions,  which  possess 
powerful/thick  informational  flews. 

Then  to  tha  system  were  superimposed  the  limitations,  which 
consider  technical  and  some  economic  factors.  The  power  of  the 
computer  centers  were  limited  to  the  specific  quantity  of  computers 
which  it  was  proposed  to  establisb/install  on  each  of  the  regional 
centers. 

Page  81 . 

Are  introduced  the  account  of  the  already  existing  lines  of 
communications  and  the  priority  of  the  organization  of  some  centers. 
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which  is  caused  by  the  already  existing  computational  pow«r  in  chrs- 
points/it ems. 

The  superimposed  limitations  led  to  the  need  for  introducing 
weight  coefficients  for  all  regions  and  matching  system  of  penalties. 
If  the  volume  of  information  due  to  the  maintenance/servicing  of 
adjacent  regions  exceeds  the  preset  power  ?Ts,  each  excess  arbitrary 
unit  of  processed  information  is  fined,  flith  a  small  number  of  the 
computer  centers  in  the  network/grid  (first  stage)  the  further 
volumes  of  information  to  the  lew-power  centers  can  serve  as  a  reasen 
for  considerable  above-plan  expenditures.  Were  introduced  penalties, 
also,  for  the  cases,  which  require  the  laying  of  the  new  or  further 
lines  of  communications. 

Hathematical  model  in  this  case  appears  as  follows.  It  is 
assumed  that  there  is  N  of  the  assembly  points  of  information,  into 
each  of  which  enters  all  information  from  the  appropriate  region.  Let 
us  designate  each  such  pcint/item  xt 

Xff .... 

then  appropriate  information  Pi  can  be  divided  into  two  categories: 
the  information  which  must  be  transmitted  for  the  processing  into 
other  regions  -  P1*.  and  the  information  which  can  be  directly 

processed  -  P*.  Thus,  Pi=- 


4 
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A  number  of  points/items  m,  in  which  are  placed  VTs,  varies  frca 
one  to  s,  during  the  first  stage  and  contains  N  of  poin cs/i terns  in 
the  final  version  of  netwcrk/grid  (Nt<N>  . 

Penalty  functions  were  accepted  linearly  depending  on  the  volume 
of  excess  information.  This  is  completely  admissible,  ~  .  a  number 

of  laj.d  channels,  obviously,  is  proportional  to  the  volume  of  the 
transmitted  information,  and  a  quantity  of  auxiliary  equipment  on  VTs 
is  proportional  to  the  volume  of  the  further  information,  processed 
by  it.  It  is  easy  to  show  that  factor  of  proportionality  -  constant 

value  which  is  determined  by  the  relation 

rij‘fu+Q 
At),m  nj’tu  ’ 

whera  qtJ  -  channel  capacity,  and  rtl  -  cost/value  of  the 
transmission  of  informational  unit  along  this  channel. 

Page  82. 

Then  the  cost/value  of  the  transmission  of  entire  information  in  th=- 
direction  of  connection  x,xj—  r^-q-n,  whera  r  -  certain  integral 
coefficient,  which  is  determining  the  capacity  of  information  flow  in 
direction  xtxj.  Penalty  fcr  the  pacKing  of  these  channels  is  defined 
as  Q«n.  It  is  obvious  that  with  Q  =  0  Aij  —1. 


During  the  limitations  indicated  the  solution  of  the  problem  of 


* 
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the  search  fcr  the  optimut  location  of  the  presat  quantity  cf  the 
computer  centers  is  reduced  to  the  determination  of  tha  minimum  of 
functional  F{  Yu  Y3,  ....  Ym,  Xu  X3,  ....  Xm),  where  ,  Y3,  . . . ,  Ym  -  those 
points/items  in  which  can  be  placed  the  computer  centers,  and 
XuX3,...,Xm  -  corresponding  tc  them  subsets  of  the  serviced 

points/items,  which  satisfy  the  relationshi ps/ratics 
YfiXiGX;  XMXj^Z  (i^jy,  YCX. 

Ia  accordance  with  that  presented  the  corrected  heuristic 
algorithm  of  the  search  fcr  the  layout  of  the  computer  centers 
assumes  preset  set  X  and  Y,  the  volumes  of  information  which  are 
exchanged  any  pairs  x,x,  frcm  X,  cost/value  of  the  transmission  of 
informational  unit  between  each  pair  of  assemblies,  cost/value  cf  th 
transmission  of  the  entire  proceeding  information  from  each 
element/cell  xi  from  the  X  to  each  element  Yk  from  Y,  ccst/valu*  o 
processing  informational  unit  cr  each  VTs,  the  functional 
dependences,  which  are  determining  the  cost/value  of  entire 
network/grid  taking  into  account  cr  without  taking  into  account  the 
limitations  of  any  character.  In  the  course  of  solution  of  task  are 
determined  or  can  be  preset  previously  for  each  element/cell  from  Y 
its  regions  of  possible  replacement,  which  contain  the  enumerations 
of  the  adjacent  assemblies  or  assetblies  which  can  on  one  or  th=» 
other  reason  replace  data. 


For  the  solution  of  the  problems  of  the  synthesis  of  the 
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network/grid  of  tha  computer  centers  was  written  the  program  witn  th 
interchangeable  units  of  the  estimate  of  the  cost  of  network/grid. 
Prograa  is  written  in  the  language  ALGOL-60  for  the  aachine 
Tiae  of  prograa  translation  from  the  algorithmic  language  to  the 
language  of  loading  12  minutes.  Program  uses  only  working  storage  of 
aachine.  The  scope  of  the  program  both  the  first  and  second  version 
is  approximately  1000  instructicns. 

The  obtained  results  give  the  possibility  to  consider  the  most 
convenient  versions  of  the  organization  of  network/grid  in  the 
initial  stage  both  in  the  cost  sense  and  in  the  relation  to  the 
distribution  of  information  in  the  systea  during  the  preset 
limitations. 
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Organization  of  experiment  during  the  rasearch  on  the  statistical 
aodels  of  exchange  systeas  by  information. 

Ye.  I.  Doaanovskaya,  Ye.  A.  Pil 'shchikov. 

The  tasks  of  the  optimization  of  the  systeas  of  processing 
inforaation  (SOI)  fora  the  multidimensional  space,  constructed  with 
many  objective  functions  cn  aany  arguments:  Q^iqAX)},  where 
3T— l*;l. )=1.  2,  Q  -  aany  tasks,  Y  -  nany  arguments, 

arguaent,  «»—**  objective  function.  Depending  cn  the  target  cf 

optiaization  tha  objective  functions  can  come  forward  in  the  role  of 
liaitations. 

As  shown  in  work  [1],  the  dimension  of  the  tasks  of  optimization 
of  SOI  is  usually  great  and  their  analytical  solution  in  the 
contemporary  stage  is  impossible.  These  and  seme  ether  circumstances 
■ake  it  necessary  to  use  aethods  stochastic  simulation  with  the 
use/application  of  planning  experiments  for  the  reduction  of  ths. 
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expenditures  of  tiie  and  resources  for  designing  and  research. 

In  this  work  is  launched  the  atteept  to  consider  the  task  of 
optimization  of  501  as  the  task  of  the  search  for  the  global  extremum 
of  objective  function  in  the  space  cf  large  dimension.  ?or  short  irir.  j 
of  capacity  and  time  of  sisulation  by  the  minimization  cf  a  number  c* 
accesses  to  eodel  for  calculating  the  objective  function  is  proposed 
the  algorithm,  which  varies  the  principle  of  search  depending  on 
situation  and  tha  combining  global  search  of  large  step/pitch  ar.d 
adaptation  without  the  iesediate  reaction  with  the  local  search  cf 
the  slipping  interval. 

During  the  optimization  of  SCI  of  the  preset  structure  on  the 
criterion  of  the  minimum  cf  the  time  of  the  sequence  of 
communications/reports  on  the  netwcrk/grid  we  have 

At,  Dt), 

where  fl*  -  objective  function:  Ar =  (xi,  * . .  *»)  -  vector  of  the 

controlled  paramatars;  kr-(«i.  <**.  •••.  «■)-  -  vmctor  of  the  uncontrolled 

parameters  (vector  of  the  environment  of  object)  ;  Or —  (d,.  d* . d ,) 

vector  of  the  parameters,  unattainable  to  measurement. 

Page  84. 

In  our  concrete/specific/actual  version 


^ r  ™  (zii  Z|i  .  •  * .  ztK 
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where  x,  -  capacity  ZU;  x2  -  law  cf  tins  allocation  cf  d  a  lay  in  th? 
channel;  x,  -  quantity  of  access  ducts;  x4  -  discipline  of  servicing 
at  the  input  of  asseibly;  x,  -  discipline  in  the 

aaintenanca/ser vicing  at  the  cutput/yield  of  assembly;  x„  -  principle 
of  the  transaission  of  co amun  icat i cns/ra ports  ;  x7  -  algorithm  of  the 
selection  of  path. 

At  •  •  •  *  el 

where  a,  -  law  of  the  distribution  cf  the  intensity  of  output  flows; 

a,  -  quantity  of  categories  of  urgency;  a3  -  law  of  the  distribution 

of  the  lengths  of  coeaunicaticns/teport3  for  each  categories  a4  - 

aatrix/die  of  flows  on  the  network/grid;  a,  -  natrix/dis  of  t h® 

predicted  lengtns  of  the  lines  cf  coaaunicaticns  between  any  pair  cf 

asseeblies;  a*  -  cost/value  cf  the  transmission  of  informational  unit 

per  the  unit  of  the  length  of  charnel. 

Dt=9, 

k  (V». 

where  h,r  -  tiae  of  the  deli  ver  y/procur  eaent  of 

coeeunications/reports  to  the  r  category;  hi  -  expenditure  for  tka 
creation  of  network/grid;  b*r  -  probability  of  the 
delivery/prccuraaent  of  reports  of  the  r  category. 

Lieitaticns  they  are  respectively 

VvllfVH.  r-fT,  h,r<!|h'IT-||. 


DOC 


81024105 


PAGE 


The  objective  function 

•  n 

^crbir;  c'=const; 

r-1 

er  -  the  weight  of  communicaticns/reports  tc  the  r  category. 
Vector  B  is  determined  on  stochastic  model. 

Page  85. 

Arguments  x4,  xs,  x6  and  x  7,  which  do  not  have  direct 
quantitative  characteristics  and  called  arguments  of  the  II  kind, 
generate  the  multi-extremalit y  by  objective  function  SOI.  Therefore 
it  is  necessary  to  solve  the  problem  of  the  search  for  global 
extremum  (G3)  ,  what  is  the  most  complicated  search  procedure  of 
statistical  character. 

At  large  distances  of  target  (p> 7)  and  number  of  degrees  of 
freedom  n£5  the  relation  cf  losses  to  the  search  for  the  methods  of 
the  random  search  and  method  of  gradient  comprises 


Therefore  for  the  search  G3  is  expedient  to  use  the  algorithm  of  th 
random  search  of  adaptation  and  irertness,  callad  algorithm  with 
director  cone. 

During  the  optimization  of  system  p  continuously  it  is  reduced 
in  connection  with  which  for  an  increase  in  the  high  speed  and 
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reliability  it  is  proposed  of  the  region  suspected  G3  to  change  tn~ 
principle  of  search  and  tc  use  a  quasi-regular  method  with  the 
slipping  step/pitch  (variety  of  the  method  of  a  variation  ir.  the 
metric)  . 

Motion  in  the  direction  G3  is  realized  due  to  the  reconstruction 
of  the  probabilistic  characteristics  of  search,  but  being  changed 
before  to  the  new  direction,  system  can  make  several  steps  in  old 
direction  and  thus  to  suraonnt  the  "ridges/spines"  of  objective 
functions,  which  gives  to  method  global  character.  Random 
tests/samples  (£i,  Ej,  •  •■,&<*)  are  conducted  in  the  preferable  sector  cf 
directions  with  angle  ^  -  at  apex/vertex  X,  determined  by  the  preset 

multivariate  distribution  (P  (E/8)  ,  where  VP-(»i.  . w „)  - 

parameter,  which  assigns  mean  direction,  called  the  vector  of 
experiment,  E  -  vector  cf  test  steF/pitch.  the  working  step  g  is  don- 
in  the  direction  of  best  test/samjle  (X+gE*,),  the  sense  of  the  vector 
of  experiment  w  is  determined  by  the  "weighing"  of  the  test 
directions 

w  =  -in - 

* 

1-1 

The  sign/criterion  of  the  detection  of  cegion  G3  and  transition  to  LP 
is  the  motion  of  point  X  along  the  turns  relative  to  certain  center. 
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Thus,  in  proportion  to  the  accumulation  of  information  atout  th* 
behavior  of  objective  function  the  vector  of  storage  w  is  turned/rur. 
up  on  the  average  in  the  direction,  opposite  gradient. 

Page  86. 

Kith  the  decrease  of  the  expansion  angla  of  ccne  ^  the 
possibilities  of  rotation  W  by  one  step/pitch  are  reduced,  since  is 
exhibited  inertness.  But  with  correct  arrangement  w  (in  the  direction 
of  "ravine")  with  decrease  $  are  reduced  losses  to  the  search.  And 
vice  versa,  with  increase  system  becomes  more  mobile  due  to  an 
increase  in  the  losses  tc  the  search. 

Thus  to  the  mobility  and  the  losses  to  the  search  affect  the 
parameters  of  search  -  angle  cf  cone  the  length  of  the  working 
step/pitch  a,  a  number  of  tests/saeples  s.  The  density  of 
distribution  of  the  angle  of  working  step/pitch  (or  path  curvature)  , 
the  characteristic  mobility  of  search,  is  considered  [2]: 

w/fh  n=m=2. 


Losses  to  the  search  are  calculated  from  the  formula: 


-  m 


sin'1 
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K= 


/' 


H'fiii  m=n=‘ 2,  *= 


co»2.p(2)d2 


i  * 


Key:  (1) .  with. 


With  increase  in  the  loss  to  the  search  they  grow  comparatively 

slowly. 


One  of  the  probleas  with  the  realization  of  search  G3  is  the 
fulfillment  of  the  self-adjusting  of  algoritha  -  selection  these 
optimum  m,  ensuring  the  retenticn/preservat ion/maintaining  the 
necessary  inertness  and  lew  losses. 

Por  At)  as  the  initial  parameters  can  be  accepted  in  the 

absence  of  a  priori  information  the  following  values: 


1)  Number  of  tests/saaples  on  each  step/pitch  m=3; 

2)  the  initial  vector  of  experiment  V0,  which  has  uniform 
density  distribution  of  probability  in  the  hypersphere  of  the 
parameters  and  which  is  determinira  on  the  first  step/pitch  on  the 
random-number  generator; 

3)  the  expansion  angle  of  cone 
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4)  Initial  coordinates  of  cone,  which  coincide  since  the  origin 
of  the  coordinates; 

5)  the  test  step/pitch  of  search  g,  component  along  each 

\xj 

coordinate  ^5,  where  bxy  -  range  cf  a  change  in  the  argument; 

6)  the  working  step/pitch  a=o. 

Page  87. 

For  the  analysis  of  the  suspected  region  S3  is  proposed  to  use 
several  modified  algorithms  of  optimization  with  a  variation  in 
matrix,  based  on  quadratic  apprcximtion  of  objective  function  with 
the  use/application  of  slipping  interval  [3]. 

Since  for  determining  qt  contemporary  SOI  is  necessary  the 
considerable  operating  time  of  computers,  one  of  the  important 
requirements  to  the  algorithm  of  optimization  is  the  minimization  of 
a  number  of  accesses  for  calculation  9i.  The  gradient  method,  used  in 
work  [3],  requires  for  each  pcirt  2n  of  accesses  to  <h  (n  -  number 
of  arguments) ;  therefore  for  determination  s*  it  is  proposed  tc  uso 
an  algorithm  of  the  static  gradient,  which  makes  it  possible  to  find 
the  evaluation  of  gradient  with  number  of  tests/samples  m<n. 
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Furthermora,  for  maximum  use  already  obtained  during  thr  search 
G3  of  information  it  is  proposed  as  the  direction  on  the  first  cycl^ 
in  the  local  search  S,  .  to  use  the  sense  of  the  vector  of  storage  W  at 
the  latter/last  step/pitch  and  tc  design  therefore  changes  in 
direction  AS,  for  the  subsequent  cycles. 

Thus,  in  the  algoritha  LF  is  proposed  this  sequence  cf 
operations. 

1.  Evaluation  of  gradient 

m 

w 

where  En-  -  unit  random  vectors,  evenly  distributed  in  all  directions 
of  parameter  spaces;  X  -  values  of  test  step/pitch;  x  -  initial  state 
of  system,  from  which  are  produced  random  tests/saaples  (XEi,  XE,.  . . . , \Em\ 

2.  Calculation  of  increases  in  gradient 

yW-i  —g»-l . 

Page  88. 

3.  Calculation  of  change  in  direction  of  motion  on  cycle 


(besides  the  first) 
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wher9 

Z,»-,  =  A|.-,.yj-1;  h*rh  tf  +  Ul 

(a»-i  is  determined  in  pcint/item  6). 


4.  Determination  of  sense  of  the  vector  of  motion  on  this  cycl 

Sf~srl+  AS,*. 

5.  Determination  of  minimum  in  direction  s, 

<K*)=min  «(**+  ^Smy. 

a)  calculation  by  derived 

b)  test  sta p/pitch  J*i=*,*-HrSi*; 


I 

c)  the  calculation  cf  the  derivative  BiB3'  — 


where  6  -  projection  of  the  vector  of  test  steps/pitches  X  in 
direction  S* 

l  =  (*»>r**  -  St*1"** 


is«i 


/s 


tfi*)* 


d)  the  analysis:  as  a  result  of  test  step/pitch  7  sufficiently 
they  approached  the  extremum  cr  they  passed  it,  for  this  we  conside 


if  a<10a1# 


then 


is  conducted  linear  interpolation  on  \ 

”  r^7,' 


r 
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If  r>1ort  (Step/pitcb  is  small),  from  point  P(x)  it  is  produced 
with  the  step/pitch  7=2^  and  a=ai  new  test  step/pitch  (transition  to 
5b)  thus  far  we  will  not  obtain  extreau*  in  direction  A"* 

6.  Deterainat ion  of  displacement  of  current  point  in  cycle 


<- 1.2. . . K 


Page  89, 
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parameters.  (4).  Construction  of  hypercone.  (5).  selection  of 
sampling  points.  (6).  Selection.  (7).  Calculation  of  direction.  (8). 
Is  trajectory  loop.  (8a).  even  nuaber.  (8b).  yes.  (9).  Identification 
of  parameters.  (10).  Dispatching  initial  LP  of  optimum  direction  s. 
(11).  Model  SOI  -  calculation.  (12).  Selection  cf  sampling  points. 
(13).  Calculation  of  gradient.  (14).  End  of  search.  (14a). 
output/yield.  (15).  Calculation  of  increase  in  gradient.  (16). 
Correction  of  matrix/die.  (17).  Calculation  of  direction.  (18). 
Calculation.  (19).  Calculation  cf  test  step/pitch.  (20).  Calculation 
of  sampling  point.  (21).  Calculation.  (22).  no  Key.  (23).  Calculation 
A  by  wholesale.  (24).  Calculation  of  step/pitch.  (25).  Calculation  of 
displacement  in  cycle. 

Page  90. 

Then  we  pass  to  point/itee  1,  beginning  new  cycle. 

The  operations  of  points/items  4-6  are  presented  in  work  [  3  ]. 

The  search  for  extremum  is  finished,  when  the  modulus/module  of 
gradient  is  reduced  to  the  assigned  magnitude 

1/ 
r  i-i 

The  block  diagram  of  algorithm  is  given  on  figure. 
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It  should  he  noted  that  the  use  of  this  nethod  in  the 
examination  of  concrete/specific/actual  systeis  assumes  the 
possibility  of  the  ranking  of  arguments  of  the  II  kind  relative  to 
one  or  the  other  objective  function  on  the  basis  of  the  a  priori 
information,  which  considers  the  specific  character  of  particular 
task.  If  information  about  the  effect  of  such  arguments  on  q  is 
insufficient  for  the  ranking,  then  is  accepted  the  uniform 
probability  distribution  cf  the  selection  of  one  or  the  other  state 
of  argument. 
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Algorithm  cf  tha  numbering  of  discrders. 

V.  N.  Zaboltskiy,  7.  F.  Lukin. 

One  of  the  directions  of  combinatory  analysis  is  the  solution  of 
problems  to  nuabering  i.e.,  the  establishment  of  a  quantity  of 
aethods  of  executing  some  accurately  described  operations.  In  this 
case  vital  importance  has  the  of  identification  which  is 

reduced  to  the  nuabering  cf  the  elements  of  set  of  all  methods  of 
executing  the  preset  operation.  Are  known  the  methods  of  the 
numbering  of  combinations  [1]  and  transfers  [2],  This  article  gives 
the  method  of  the  numbering  cf  transfers  <oi,  o*.  ....  ot>,  formed  from 
the  elements/cells  of  serias/row  1,  2r  . . .,  t  of  which  none  occupies 
its  natural  place,  i.e.,  (1).  *)•  Such  transfers  in  work  [3]  are 

named  disorders. 

There  are  many  E,  f»*discrders  •  ••<*,>  with  a  power  of 

D,. 

It  is  known  that 
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or  in  th9  recurrent  fora 

D^t-lXDt-i+D,-*.  (1) 

Por  disorder  o-<6i,  6*  ....  bt>eE,  it  i3  necessary  to  detornir.® 
nuaber  0^.Ni*CD,—  1  depending  on  the  value  of  eleaents/cells  bt.  For 
this  purpose  all  disorders  somehow  are  ordered. 


For  the  nuabecing  of  disorders  is  used  expression  (1).  It  is 
obtained  on  the  basis  of  that  fact  that  aany  E:  t-disorders  can  be 
decomposed  into  t-1  subsets 


Page  92. 


Bt-  u  ( *,?  *a  0  )• 

•  r+* 


Each  subset  Et')  is  characterized  by  the  fact  that  do  all  hav. 
a*6 E\r)  oi=const.  This  aakes  it  possible  to  consider  E\’  as  many 
disorders  ^  with  a  length  cf  t,<t.  E,t  GE,  -  many  t-disorders  which 
have  Ot-hii  n(a,)  -  nuaber  of  place,  which  occupies  element/cell  a>  in 

the  disorder. 


Set  Et,  is  divided/marked  off  into  two  subsets 
E,,=Eta>UEtw  and.  (r,u)n^f<*>=0). 

where  E»i  _  subset  of  t-2-  disorders  in  which  n(l)=6,; 

subset  of  t-1-  disorders  a<*\ 


in  which  n  ( 1)  £b  t. 
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Taking  into  account  the  special  feature/peculiarity  of  disorders 

at£l  and  ordering  disorders  in  set  E>,  in  such  a  way  that 

JV,(i><  NAt)  .  the  number  of  this  disorder  a  can  he  determined  as 
*•  *1 

follows : 


where 


Key:  (1)  . 


t.  t. 


with. 


*i 


U) 

0  npu  n(l)=ft, 

1  ipH  nU)^^’ 


Nj.,)  -  number  of  disorder  a  in  set  Ej,)  (p  =*1, 2\ 

fi  t 

For  determination  it  is  necessary  tc  lead  disorder  *1” 

either  “{f’  into  the  conformity  with  the  definition,  to  exclude 
element/cell  bt  and  supplementarily  in  disorder  <S 

''I,  to  change  the 

remaining  elements/cells  so  that  the  disorder  would  be  comprised  of 
series/row  1,  2,  t-2  or  1,  2,  t-1. 


In  disorder  with  a  length  of  2  the  elements/cells 

(besides  bx  and  1)  are  changed  in  the  following  fora: 


(M 

1  BP* 

CP 


(3) 


Key:  (1) .  with 
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on  this  is  finished  the  procedure  of  numbering  of  this  disorder 
taking  into  account  element/cell  fc,.  For  the  total  determination  of 
its  number  it  is  necessary  to  repeat  this  procedure  before  obtaining 
of  disorder  with  a  length  of  */-3  or  */=2.  Thera  is  only  two 
disorders  with  a  length  of  *>= 3  (their  number  N(2,  3,  1)  =0,  N(3,  i, 
2)  *  1  and  one  disorder  with  a  length  of  t;  =  2  (with  number  N(2,  1)=0). 


Ganeral/common/total  expression  of  the  number  of  the  disorder 

If,  2Mri  +  D,r^jDtri,  (5) 

i 

whe  re 
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|  0  kjja  J»(l)=6^> 
tj~  \  1  $h  * 

0,1,...:  &,«>=&,.  t«=f. 

Key:  (1) .  with. 

It  is  possible  to  shew  that  the  method  of  numbaring  preposad 
ensures  mutual  one-to-one  correspondence  between  many  t-disord*rs 
with  a  power  of  &t  and  by  the  set  of  integers  of  the  range  [0,D» — 1J. 

Example.  To  determine  the  number  of  disorder  *=<5,  4,  6,  2,  3, 
7,  1>. 

Using  relationships/ratics  (2),  (3)  and  (4)  we  will  obtain 

a=<5,4.6,2,3,7,l>,  N.  =(5-2XZ>r +Z>*)+J>5+JV.t  = 

•  =(5-2X2654-44)+44+^.f  =971 +iV., ; 

*1  «i 

«,,=< 3,5,1, 2,6, 4  >,  N.ti  =(3-2Xl>6+£>«)+^f  = 
=(3-2X44+9)+iyT.(i=53+W.fi; 

^.f,=(3-2XD1+D1)+I»1+iV.f(- 

=(3-2X2+l)+l+^=4+2VVi; 

2A1  >,  =  0;  S.  -  1028. 

Page  94. 


Let  us  consider  reverse  process  -  the  determination  of  tha  velu 
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of  elements/cells  bt  of  disorder  oi=<bt,  b2l . . . ,  bt>  from  its  number. 
For  the  uniqueness  of  the  reduction  process  it  is  necessary  to 
indicate  the  length  of  disorder.  The  methodology  of  the  determination 
of  the  elements/cells  of  disorder  a  consists  of  the  consecutive 
determination  of  elements/cells  -  the  first  elements/cells  in 

the  disorders  with  a  length  of  *j^t.  beginning  from  el&mert/cell 
6i'°',  and  then  in  the  consecutive  transition  from  2-  or  3-  disorder  to 
the  unknown  t-disorder  on  the  basis  of  the  relaticnships/raf  ios, 
"reverse"  to  relationships/ratics  (3)  and  (4)  . 


The  first  elament/cell  of  the  unknown  disorder  bt  is  determined 
by  the  solution  of  the  ine<juality 

iV.  Xftj— 2 X0.-.+0,-*).  (6) 

It  is  easy  to  show  that  length  t,  of  disorder  a*,  can  be  found  with 
research  of  the  equality 


When  it  is  a  t disorder,  with  ty  &  A1<0-t-2-disordcr ; 

n(1)=bj.  Further  is  determined  number  N«t,  of  disorder  »«,: 


where 

Key :  ( 1) .  with. 


N.,~N,  —Oh— 2X0t-i+0*-*)- Wi. 

|  0  ij>w  ^<0 

1  1  npa  Aj>0. 


(7) 


On  this  is  finished  the  stage  of  the  determination  of  the  first 
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eleaent/cell  bt  of  the  unknown  disorder  a  and  the  number  N,ti  cf 

disorder  with  a  length  of  tx<t.  Carrying  out  a  similar 

procedure,  we  determine  the  first  elements/cells  bxU)  of  fy 
-disorders  up  to  2-  or  a  3-  disorder.  As  a  result  it  is  obtained  by 
one  of  three  sequences:  <bu  bta\ . . . ,  2, 1>  either 

.  b^*f\  2,  3,  1>,  or  <bu  b^t\  3,  1,  2>.  In  each  of  these 

sequences  the  true  element/cell  of  the  unknown  disorder  is  only  bx. 
All  remaining  element  s/cells  bt(J)  are  true  only  for  the  disorders  c 
corresponding  length  */•  For  determining  all  elements/cslls  of  the 
unknown  disorder  consecutively/serially  are  restored  on  the  known 
length  and  the  first  eleaent/cell  all  disorders  with  a  length  of  ■ 
beginning  with  4-  or  a  5-discrder. 

Let  be  restored/reduced  tj*i  disorder  it  is  known  that  length 
V  of  disorder  -  tj+i  +  2  (here  j  it  makes  the  same  sense,  as  in  the 
expression  (5))  and  its  first  element/cell  -  -WJ). 

Page  95. 

This  means  that  in  tr  disorder  =  i.e.  element/cell  1  occupies 
place  with  nuabar  Element  s/cells  tj-4  disorder  (besides 

and  1)  are  formed  from  eleaents/cel Is  tj+i-  of  disorder  in  the 
following  manner: 
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Key  -  (1)  .  with, 


VJ)  f  6|«+1,+ 2 

fr|u  +  l)+1  ^3H  b1U+U<b1U)_l 


(8) 


where 


Tiu»= 


0  £dh  n(b{<J+l>)<a<JXl)-l 
1  npw  n(6/^+1»)>n<>'(l)— 1  ’ 

i  —  lf  (1).  tj  + 1. 


Key: •  (1 ) .  with. 


If  tj -  disorder  has  a  length  f/+i+l,  then  its  elements/cells 
(besides  b^'1)  they  are  found  from  elements/cells  tj+i"  disorder 
with  the  help  of  the  relationship/ratio 


=|  A  bV+v^bJi'-l 

1+1  1  1  b$H  b^+^b^—l 


(9) 


i= 1.  (1).  W 


Key :  (1 ) .  with. 


Example.  To  determine  the  elements/cells  of  disorder  with  a 
length  of  t=7,  that  has  number  fl=1028. 

Deciding  inequality  (6) 

(6i— 2)<D6+D5X1028, 

we  find  bt=5* 


After  determining  difference  nt>0,  we  establish  that  n  (1)*bt 


and 
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a‘<  is  a  6-disorder.  Its  number 

=N-{bl-2XD^Di)-Ds=S7. 

First  element/cell  of  disorder  a,, 

(&iU — 2)(Z)f-f-i)4)<57,  ft»>=3. 

Since  a2<0,  then  na)(l)=bill)  and  «*.  is  a  4-disorder.  Its  number 

N-u  =-y*tl-(&i(1)-2XDs+i>J=4. 

The  first  element/cell  of  disorder 

(61<*’-2XD,+D1)<4.  5^=3. 

.  ^ 

Aj=0;  therefore  j»|JJ  ¥"  ^a>  and  a*,  is  a  3-disorder.  Number  of  this 
disordar 

-<V>>-2X2>»+a,)-.D,=0. 

Page  96. 

This  number  has  a  3-disorder  *r.  =<2,  3,  1>. 

Is  restored  from  <*«.  with  the  help  of  expression  (9)  a 
4-disorder  *»..  which  has  6, '*>=.  3  _  a,t  ~<3,‘  1  4,  2>. 

With  the  help  of  expression  (8)  is  restored  a  6-disorder  *,,, 
which  has  bt<"  =  »<”  =  3  a,,  =  <  3,  5.  1,  2," 6,  4>. 

Similarly  is  restored  the  unknown  disorder  a=<5,  4,  6,  2,  3, 

1>. 
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The  possibility  of  applying  the  cede  juice  for  the  construction  of 
coabinatory  switches. 

y 

V.  G.  Yevstigneev. 

By  the  coabinatory  aatrix  switch  (KHP)  it  is  accepted  tc  call 
the  device/equipment,  which  consists  of  r  of  multicircuit 
transforaers.  The  total  nuaber  cf  windings  on  each  transformer  is  not 
aore  than  n+N,  where  n  -  nuaber  of  input  ones  and  N  -  nuaber  cf 
output  windings. 


The  windings  of  transformers,  connected  with  n  input  KflP,  form 


the  input  matrix/die  of  the  ccnrection 


Osually  as  matrix/die  Q  is  used  the  code  aatrix/die  of  the  n-bit 
positional  code. 


The  windings  of  transformers,  connected  with  N  out puts/yj  elds 
of  KHP,  form  the  output  aatrix/die  of  the  connection 
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b*u  at  a  ... 
m*i  . . .  nty 

®rl  *r*  •  • .  Wrj*_ 


As  matrix/die  M  can  te  used,  for  example,  unit  aatrix  of  order 

N^2\ 


The  codes,  used  for  the  construction  of  Kt!P,  can  be  considered 
as  the  class  of  the  blcck  binary  surplus  codes  which  are  usually 
classed  in  the  following  aanner: 

C(n,  d)  -  corrective  codes  with  a  ainiaua  code  distance  of  d| 

D(n,  d)  -  corrective  codes  with  distance  liaited  from  below 

and  on  top  to  one  and  the  same  value; 

E(n,  d)  -  corrective  codes  with  the  constant  distance. 

Page  98. 


Value  of  the  signal  cf  the  selected  output/yield  of  KMP  is 
always  aore  than  the  signal  of  the  unselected  output/yield,  and  their 
relation  in  tha  worse  case  is  deterained  by  dependence  [2] 


HiS 
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The  difficulty  of  the  process  of  obtaining  the  corrective  cod?s 
and  the  complexity  of  the  devices/equipment  of  the  conversion  of  tti? 
nonexcessive  codes  into  those  correcting  restrain  wide  acceptance  of 

KHP. 


To  the  coda  of  the  system  cf  residual  classes  (SOK) ,  which 
possesses  the  excellent  corrective  properties,  is  at  the  same  time 
distinctive  the  light  and  siaple  process  of  its  obtaining. 

This  gives  to  us  to  right  raise  a  question  about  the  possibility 
of  applying  the  code  of  SOK  for  the  construction  cf  KMP.  For  this 

i 

purpose  it  is  necessary  to  provide  this  code,  which  is  nonpositional, 
the  appropriate  positional  characteristics. 

It  is  known  that  a  number  in  the  system  of  residual  classes 
(SOK)  can  be  unambiguously  represented  by  the  smallest  non-negative 
deductions  on  the  selected  bases/fcases  pt,  Pj . p».  where  pi,  P2 . p, 

a 

-  mutually  prime  numbers,  if  nuvber  value  does  not  exceed  IIpi  [1]. 

»-i 

Let  at  the  system  of  bases/bases  Pu p*,.'-..p».  p»+i  of  residual 

classes  be  is  preset  number  A«(cn,  oh,  . . .  lying  in  the  range 

» 

P*IIpu  In  the  theory  of  residual  classes  it  is  proved  that  the  value 
of  number  A  will  not  be  changed,  if  we  represent  it  in  the  system  of 
bases/bases  from  which  is  withdrawn  p,  (i.  e.  if  we  in  representation 
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A  delete  digit  ai).  ’Humber  At,  obtained  from  A  by  the  crossing  out  of 
digit  4*’ 1  is  called  the  projection  of  number  A  on  basis/base  pi. 

In  view  of  the  uniqueness  of  representation  any  two  numbers  A 
and  B  from  range  P  must  differ  frca  each  other  in  terms  of  deductions 
at  least  in  one  basis/base.  If  this  is  not  implemented,  then  A  and  3 
are  equal. 

Ha  will  consider  each  of  the  bases/bases  pi  certain  i  bit  (i=1, 
2,  n) ,  tha  n-bit  code,  in  which  digit  in  the  i  bit  is  the  least 

non-negative  residue  of  a  number  cn  basis/base  Pi-  ay  analogy  with 
^the  generalized  theory  of  coding  this  code  we  will  call  p,-*th  n-bit 
P[Pi,  ny  code. 

Page  99. 

By  analogy  with  the  linear  cedes  1st  us  introduce  for  the  codi 
of  SOK  of  the  concept  of  the  weight  of  code  werd  and  distance  of 
Hemming  (code  distance)  P(plfn)  code. 

Definition  1.  Height  w  of  code  word  P(p,,  nV  the  code  we  will 
call  the  number  of  bases/bases  (bits) ,  according  to  which  it  has 
correct  digits,  (in  our  case  cf  w=n) . 
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Definition  of  2.  A  number  cf  positions  (base  s/bases ,  bits),  in 
which  two  words  P(pt,  nythe  code  differ  from  each  other  in  terms  of 
their  deductions,  let  us  name  Healing's  distance  or  simply  by 
distance  d,  the  saall  distance  between  two  words  on  all  pairs  of  cole 
words  P(pt,  n)-the  code  -  minimum  distance  of  code  dnia . 

Example  1.  Let  be  preset  basis  pt=2,  p2  =  3,  p3=5,  p4  =  7  system  of 
residual  classes.  Range  cf  the  representation  of  numbers 

patp1.p2.p3.p4=210. 

Let  us  coda  on  those  accepted  by  the  basis/base  of  two  numbers  A 
and  B  froa  range  P. 

Let  A=1 59=  ( 1 ,  0,  4,  5);  B=201=(1,  0,  1,  5).  All  A  is  equal  to 

weight  B  i.e.  toA=w»  =  4.,  Given  words  differ  in  terms  of  deductions  in 

basis/base  p3.  Consequently,  the  code  distance  of  them  is  equal  to  1. 

|tom  the  aforesaid  it  follows  that  if  we  on  bases/bases  p4 ,  p2 , 

IB 

...,  P«  fora  entire  multitude  cf  words  P-IIp,,  then  the  ninimum 

distance  between  two  words  froa  range  P  on  all  pairs  of  words  will  be 

equal  to  unity. 

Theorem  1.  He  have  basis  Pi.  Pt,  •  •  • » P« .  P»+i  of  the  system  of 
residual  classes,  which  satisfy  condition  P*+i>Pt  (i-1,  2,  . . . ,  n).  if  we 
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A 

on  the  bases/bases  accepted  fern  sany  words  P^IIpi,  then  the  minimum 

i-i 

distance  between  all  pairs  of  werds  will  be  equal  to  2,  i.e.,  dm m=s2. 

Proof.  Let  us  take  number  A=(ai,  as,...,  «„  «»+il  lying/hcrizont  al  in 
the  range  P.  If  we  in  the  representation  of  this  number  delete  digit 
on  any  basis/base,  then  number  value  will  not  be  changed,  it  will 
also  belong  range  P.  But  numbers,  cf  this  range  have  dr *1. 
Consequently,  the  numbers,  represented  on  n«-1  to  bases/bases,  will 
have  d=dr+ 1.  QED. 

Corollary  1.  let  there  be  bases/bases  px ,  p2, 

P*-P*+i*  the  systems  of  residual  classes,  which  satisfy 

condition 

Pn*k>pm +»-»>...  >p„+l>p,;  (1=1, 2. ...,«),  *=0,1,2,... 

Page  100. 

ft 

If  we  on  the  bases/bases  accepted  form  many  words  P-  Upt,  then  the 

i-i 

minimum  distance  between  all  pairs  of  words  will  be  equally  k  +  1, 
i.e.,  1* 

The  proof  of  this  corollary  escape/ensues  from  the  previous 

theorem. 

Ha  will  call  this  code  P(r.,  k)-coda  where  n  -  number  of  working 
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(informational)  bits  (bases/bases )  ,  k  -  number  of  control  (re  dun der.t ) 

bases/bases. 

The  introduced  by  us  positional  characteristics  of  the  ccd®  in 
SOK  such,  as  weight  and  minimum  distancs,  make  it  possible  to  examine 
the  procedure  of  the  decoding  of  the  code  in  SOK  from  the  point  of 
view  of  the  linear  codes. 

Por  the  linear  positional  systems  is  valid  following  theorem 

[3]. 

Theorem  2.  In  the  siaple  systems  of  the  type  M  with  the 
symmetrical  channels  without  the  storage  with  any  fixed /recorded 
procedure  of  coding  the  probability  of  the  error  of  Bosh  is  minimum, 
if  decoding  is  conducted  through  the  criterion  of  the  minimum  of  a 
number  of  noncoincident  pcsiticrs,  i.  a. ,  if  solution  xm  (transmitted 
communication/raport  •*»)  is  accepted  every  tire  that  the  combination 
y.  accepted  differs  froa  Ym  in  a  number  of  positions  <*«.,  less  than 
froa  any  other  code  coabinaticn: 

d«,=min  dt. 

or,  which  is  tha  same, 

dm*<di,  (AJia^Bcex  f). 


Key:  (1) .  for  all  1 
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In  this  case,  if  combination  Y,  differs  in  an  identical  numb?: 
of  positions  from  code  combinations  and  Y„  then  with  the  ?gual 
success  it  can  be  accepted  both  the  solution  xm,  and  solution 

Let  us  recall  that  systeas  of  the  type  M  call  the  systems  in 
which  a  number  of  possible  solutions  coincides  with  a  number  of 
possible  comaunications/reForts  (B=B) . 

Let  us  attempt  to  establish/install,  how  should  be  carried  out  a 
procedure  of  coding  so  that  it  would  sake  it  possible  to  decode  the 
signal  accepted  on  the  criterion  cf  the  aaxiaua  of  likelihood  ratio. 
The  combinations  of  any  code  Ti  and  Yi  (serrated  signals  Yk  and 
Yi  subset  P)  differ  frca  each  ether  in  the  specific  number  cf 
positions  <*«• 

Page  101. 

Saall  of  them  they  call  Hemming's  distance.  Proa  theorem  2  it  fellows 
that  each  subset  Ym  besides  code  combination  Ym  contains  on  at 
least  all  combinations,  which  differ  froa  it  in  one,  two  and  so  forth 
t  the  positions: 


where  the  sign  [jj  indicates  whole  pari  of  d-1/2. 
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In  other  words,  us  interests  such  coding,  with  which  the  correct 
solution  is  accepted  when  after  the  demodulation  of  serrated  signal 
it  will  seem  that  t  {or  less)  of  its  elementary  signals  they  were 
identified  incorrectly.  In  this  case  we  will  indicate  that  selected 
code  p(Pt'n*  k)  corrects  all  errors  by  multiplicity  t  and  less.  On  +  h-> 
basis  of  the  aforesaid  let  us  formulate  theorem. 

Theorem  3.  So  that  the  code  would  correct  all  errors  on  t  and 
less  to  bases/bases,  it  is  sufficient  so  that  the  code  distance  would 
be  equally  d=2t*1  or  (that  the  same)  so  that  the  system  would  have 
k=2t  surplus  (control)  fcases/bases. 

The  proof  of  this  theorem  is  obvious. 

Let  us  demonstrate  th9  following  important  theorem. 

Theorem  4.  Let  be  preset  basis  Pi.  P*. ....  p»,  p»+u  P»+*  of  ths 

system  of  residual  classes.  In  order  to  form  many  combinations 
* 

P~Tlpi  with  d=k*1,  it  is  sufficient  so  that  would  be  satisfied  the 
condition 

Pi<P»+i<P*t*<..  •  <P»+*.  <=1.  2,  ....  u. 

Proof.  Let  us  demonstrate  first  theorem  for  n=1  and  k=1.  In  this 
case,  obviously,  many  combinations  with  d=2  will  be  equally  p,.  Lot 
p2<pt.  Then  among  many  combinations  p,  there  will  be  such,  in  which 
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with  different  digits  cn  basis/tase  p,  of  digit  in  oasis/tase  p2  th* 
will  coincide.  It  means,  these  combinations  differ  only  in  terms  cf 
digits  of  one  basis/base  pt  and,  therefore,  them  d=1,  which 
contradicts  condition.  Then  must  be  satisfied  the  condition  of 
theorem  px<p2. 

By  mathematical  induction  theorem  can  be  proved,  also,  for  r.=2, 
by  3,  ...  and  1 ,  2,  3s. 

Previously  we  introduced  the  definition  of  the  weight  of  code 
owl  as  the  numbers  of  bases/bases  according  to  which  it  has  correct 
digits. 

"•age  10  2. 

In  the  presence  of  n-  working  and  k-control  bases/bases  the  weight  c 
a  number  is  equal  to  n*k.  Let  us  introduce  now  the  concept  of  the 
weight  of  adjacent  word,  tut  let  us  before  give  its  determination. 

Let  there  be  a  working  and  k  control  bases  of  the  system  of  the 
residual  classes,  which  satisfy  conditions  of  theorem  4.  We  form  or. 

IB 

the  bases/bases  accepted  set  P*  rip,  of  code  words.  Let  us  register 

i-i 

one  of  the  words  of  this  set  ^=(ui,  a* . *„*i ,  . . .  ,*«+*).  According  to 

theorem  4,  the  minimum  cumber  of  bases/bases  in  terms  of  deductions 
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by  which  diffsr  all  pairs  of  words  from  set  P,  is  equal  kH, 
Consequently,  among  the  combinations  of  set  P  are  such,  which 
coincide  with  the  selected  number  ft  by  deductions  in  n- 1  to 
bases/bases. 

Wa  will  call  adjacent  word  the  combination  from  set  P,  which  has 
at  least  on  one  basis/fcase  a  deduction,  which  coincides  with  the 
deductions  of  the  preset  selected  combination  from  set  P. 

Definition  of  4.  The  weight  of  adjacent  word  Wc  we  will  call 

maximum  number  of  bases/bases  in  which  the  combinations  from  set  P 

■  - 

have  identical  deductions.  If  then  icc  =  n— 1.  However,  the 

weight  of  the  selected  code  word  P(n,  k)  of  -cede  is  equal  to 
w=wc+d,  tha  sum  of  the  weight  of  adjacent  word  and  code  distance 
of  this  code. 

It  is  here  necessary  to  emphasize  that  the  coda  distance  i  in 
P  (n,  k) -code  increases  only  due  tc  a  quantity  of  introduced  surplus 
oases/bases,  but  not  due  to  their  value.  However,  the  value  cf  tham 
must  satisfy  tha  conditions  of  theorem  3. 

In  the  code  SOK  an  ircrease  cf  the  code  distance  is  reached  both 
due  to  the  quantity  and  due  to  the  valua  of  surplus  bases/bases. 

Thera  is  limit  theorem  [1];  according  to  it,  tha  value  of  control 
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basis/base  is  chosen  on  the  basis  of  tha  condition  for  single-valued 
determination  by  the  number  of  the  interval  into  which  falls  tha 
number,  which  contains  error  on  ore  of  the  bases/bases,  locations  and 
values  of  error,  i.e. 

p*+i>2p*’P»— i- 

Therefore  is  very  important  not  to  mix  the  concept  of  the  code 
distance  of  the  code  into  SOK  with  the  concept  of  the  code  distance 
P  (n,  k)  of  -code. 

Although  these  codes  have  one  and  the  same  origin,  both  they  a:=> 
residual.  In  the  concept  cf  redundancy  in  each  of  them  is  imbedded 
its  individual  sense,  hence  different  will  be  the  methods  of  their 
decoding,  detection  and  correction  of  the  errors  in  them. 

Page  103. 

On  these  qualities  P(n,  k)the  -code  is  equivalent  to  the  positional 
codes  and,  therefore,  it  can  be  used  for  the  construction  of 
combinatory  switches. 

Introduction  P(n,  k) -code  substantially  widens  the  field  of 
application  of  the  codes  SOK  and  are  offered  the  new  possibilities 
before  the  system  of  residual  classes  which  due  to  the  obtained 
positional  characteristics  can,  remaining  nonpositional,  to  accept 
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positional  colocation. 
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ORGANIZATION  OF  THE  STRUCTURE  OF  THE  SP  E  C IA  L-  FU  R  POSE  MAGNETIC  DRUM. 

7.  P.  Karyakin,  P.  D.  Butakov,  7.  I.  Shumay. 

During  the  solution  of  the  tasks,  connected  with  the 
treatment/processing  of  the  large  files  of  information,  it  is 
necessary  to  preserve  initial  data  and  intermediate  results  not  in 
OZU,  but  in  the  external  cr  buffer  storage  Tsvn.  The  transmission  of 
information  in  OZU  from  7ZU  or  EZU  leads  to  the  considerable  time 
losses.  External  and  buffer  accumulatcrs/storage  are  implements!  iros 
freguently  on  the  magnetic  data  carriers.  Pro*  these 
devices/equipment  by  maximum  capacity/capacitance  and  the  greatest 
access  time  possesses  the  accumulatcr/stora ge  on  the  magnetic  tape, 
by  the  minimum  access  time  and  by  the  smallest  capacity/capacitance 
drum  store.  The  displacement/ mo ve ment  of  information  over  the  surfac 
HB  is  realized  both  on  time  coordinates  (direction  cf  motion)  and  cr. 
the  three-dimensional/space  (lengthwise  generatrix)  due  to  the 
arrange  me nt/position  of  heads,  and  on  ML  -  only  cn  time  coordinates. 


Lat  as  consider  the  location  of  heads  MB.,  which  makes  it 
possible  to  realize  the  algorithm  cf  rapid  Fourier  transform  (3PF)  . 
This  conversion  is  realized  by  multichart  use/application  of  the 
specific  sequence  of  the  uniform  elementary  conversions  cn  numbers  cf 
initial  file  of  inf ormaticn.  Realization  of  BPP  with  the  help  of  the 
magnetic  drum  can  be  presented  as  fellows:  read  out  with  MB  air  of 
numbers  enters  AD  it  is  finished  by  the  moaent/torgue  of  approach 
under  the  heads  of  the  following  pair  of  numbers.  During  the 
following  stroke/cycle  cf  reading  it  occurs  to  wash  down  the  obtained 
results . 

For  convenience  in  the  following  presentation  let  us  introduce 
two  determinations. 

Definition  1.  under  distance  cf  S  between  the  pair  of  r^ad 
(written/recorded)  numbers  we  will  understand  a  quantity  of  numbers 
nf  registered  with  the  drum  between  two  numbers  indicated,  assuming 
that  numbers  are  registered  into  ece  column. 

Page  105. 

Definition  of  2.  Column  we  will  call  the  sequence  of  the 
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numbers,  registered  in  the  circumference  of  drum. 


The  structure  of  a  rrangement/pcsition  on  MB.  Initial  data,  and 
also  intermediate  and  final  results  depends  on  translation  algorithm 
For  determining  the  requirements  for  the  arrangement/position  of 
information  and  heads  of  recording  -  reading  cn  MB  let  us  analyze 
algorithms  BPF,  using  a  representation  of  algorithms  by  the  current 
graphs/counts  of  conversion  [1]. 


In  the  graph/count  with  the  recurrent  structure  (Fig.  1)  the 
distances  between  the  pairs  of  read  and  written/recorded  numbers  ar » 
equal  for  the  single  stages  of  conversion,  and  from  one  stage  to  the 
next  changing  is  proportional  of  the  degree  of  number  2,  moreover  in 
the  stage  they  remain  constants.  The  same  property  possess 
nonrecurrent  graphs/counts  (Fig.  2).  The  structure  of  regular 
graph/count  is  character! red  by  constancy  of  the  distance  between  f  h 
read  and  written/recorded  numbers  in  all  stages  (Fig.  3). 
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Pig.  2.  Recurrent  graph/ccunt. 


Pig.  3.  Nonrecurrent  graph/count. 


Page  107. 


Pig.  3. 


Por  the  analysis  of  the  versions  of  realization  of  BPP  let  us 
consider  the  simplified  model  cf  drum.  Let  us  assume  that  fcr  reading 
or  recording  of  numbers  is  necessary  only  one  head,  in  this  cas=  a 
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number  is  read  or  is  written/ recorded  by  all  digits  simultaneously. 
Let  us  assume  also  that  the  processing,  numbers  occurs  instantly, 
i.e.,  the  counted  nuaber  without  the  delay  in  AU  enters  the  channel 
of  the  recording  where  it  is  written/recorded  to  the  drum. 

In  general  law  of  the  ar ra ngement/positi cn  of  magnetic  rncordirj 
heads  depends  not  only  on  the  graph/count  of  conversion,  but  also  or. 
the  method  of  positioning/arranging  the  numbers  on  MB,  i.e.,  from  a 
quantity  of  columns.  Thus,  during  the  arrangement/position  of  heads 
on  MB  it  is  necessary  tc  consider  three  paraneters  -  time  of  the 
start  of  head,  numbers  of  columns,  in  which  are  registered  the  data, 
and  the  form  of  the  graph/count  cf  conversion. 

Let  us  determine  the  law  cf  the  arr angement/pcsition  of  heads, 
i.e.,  number  and  the  order  of  their  location  above  the  surface  MB  for 
the  regular  structure  of  graph/ccunt  during  the  recording  cf  numbers 
into  one  column,  since  the  regular  structure  is  characterized  by 
constancy  betwean  pairs  cf  the  read  and  written/recorded  numbers  in 
all  stages,  it  suffices  tc  determine  the  quantity  of  heads,  necessary 
for  conducting  ona  stage.  Let  the  file  of  initial  data  be  registered 
to  MB  in  the  natural  order  and  cumber  of  samples  in  it  N=* 2\  The 
distance  between  the  read  numbers  will  be  equally  N/2,  and  between 
those  written/racorded  -  1  (Fig.  4).  daring  the  gyration  cf  drum  will 
occur  the  "compression"  cf  the  written/recorded  file.  In  the  sacor.d 
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stroke/cycle  of  recording  the  first  recording  head  -  Z3  1  -  will 
writa/record  a  number  to  the  previously  registered  zone.  In  order  *■  o 
avoid  the  imposition  of  recording,  it  is  necessary  to  introduce 
further  head  ZG3  and  to  carry  out  the  recording  by  heads  ZG 2  and  ZG3. 
In  the  third  also  of  recording  it  is  necessary  to  include/ccnnect  or.* 
additional  head  of  recording  -  ZG 4  -  to  avoid  the  imposition  of 
information,  which  can  arise  during  the  recording  by  head  ZG2 ,  and  so 
forth.  The  total  number  of  recording  heads  is  equal  (N/2*1)  ,  where  N  • 


length  of  array 


Fig.  4.  Realization  of  regular  structure  during  the  recording  of  fil 
intc  cne  column. 

Page  108. 

If  the  file  of  initial  data  was  registered  in  a  binary-inverse  ord»r 
then  a  number  of  recording  heads  is  egual  to  2,  and  reading  - 
(S/2*  1)  . 

Let  us  consider  the  realization  of  the  same  graph/count  during 
the  recording  of  file  intc  twc  columns,  on  N/2  samples  in  each,  with 
this  method  of  the  recording  the  distance  between  the  reading  heads 
and  their  location  from  one  stage  tc  the  next  will  vary  proportional 
the  degree  of  number  2.  Figure  5  shews  two  first  strokes/cycles  of 
the  work  of  heads  in  three  consecutive  stages.  Recording  heads  it  is 
necessary  only  2,  and  reading  -  2(2n-l),  where  n  =  log2N.  it  is 
necessary  to  note  that  cnly  in  first  stage  the  reading  is  satisfied 
the  pair  of  heads  from  the  different  columns,  in  all  remaining 
stages  in  the  stroke/cycle  of  reading  work  the  haads  of  one  column. 
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If  we  "roll"  file  on  the  drua,  i.e.,  we  rewrite  him  of  one  zone 
into  another  and  back,  then  the  total  quantity  of  heads  comprises 
2*n.i  +m,  where  -  aariaus  nuafcer  of  heads  in  any  stage,  m  -  numbe 

of  further  heads,  which  permit  implementicn  of  a  conversion  in  fh® 
remaining  stages. 
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file,  registered  into  one  column.  For  this  structure  is 
characteristic  the  constancy  cf  the  distances  between  the  pairs  of 
read  and  written/recorded  numbers  "within"  the  single  stage:  in  k 
stage  Sh=N/2\  whera  k  =  1,  2,  ...,  n.  As  can  be  seen  from  figure  6, 
during  the  first  stage  it  suffices  to  have  twc  reading  and  two  wri 
heads,  in  the  second  stage  a  number  of  heads  grows  to  three;  in  th 
stage  it  reachas  (2*-1  +  l).  For  this  graph/count  the.  results  ca~  be 
written/recorded  directly  in  the  place  of  the  read  numbers,  which 
makes  it  possible  to  lead  all  the  conversion  in  one  column. 
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Fig.  6.  Realization  of  recurrent  structure. 


Page  110. 


The  recording  of  the  file  of  data  into  two  coluans  gives  the  same 
location  of  heads,  as  in  the  case  cf  regular  graph/count.  During  the 
notion  of  file  along  the  drum  the  total  number  of  heads  will  compris 
2*,„  where  kt  -  number  cf  heads  in  the  i  stage. 

M 

For  the  nonrecurrent  graphs/ccunts  during  the  recording  cf  the 
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file  of  nuabers  into  one  coluan  oo  each  stage  it  is  necessary  to  have 
two  those  recording  and  (2*_‘+l)  reading  heads  (k  -  number  of  stage). 
During  the  arrangeaent/positicn  of  the  file  of  the  numbers  into  two 
and  aore  than  coluans  the  reading  and  recording  can  be  carried  out 
both  of  one  and  froa  several  coluans,  in  this  case  an  optimum  number 
of  coluans  is  connected  with  the  tasis/basa  of  conversion.  For 
basis/base  p-2  an  optiaua  nuaber  cf  coluans  j-2,  for  p=4  j=4 r  since 
this  simplifies  eguipaent. 

A  deficiency /lack  in  the  regular  and  recurrent  structure  is 
obtaining  results  in  binary-  inversely  the  order  during  the  location 
of  initial  file  in  the  natural  order,  which  leads  to  the  need  for 
classification.  This  operation  can  be  realized  in  the  order,  reverse 
to  initial  conversion,  which  doubles  teaporar y/time  expenditures. 
Another  method  of  classification  consists  in  the  setting  up  cf 
further  heads  in  the  latter/last  stage.  The  law  of  the  location  of 
these  heads  during  the  a* rangeaent/position  of  file  into  two  columns 
is  described  by  the  fonula 

S»- $,+  /■.  (1) 

where  A=JV/2r+*-2'=2*-<r+3>-  2r; 

k-2r+ti  r— 1.  2,...,(n— 2);  1-1, 2, . . . , 2T+. 

3t  -  distance  between  the  head,  which  reads  the  k-th  pair  of 
nuabers,  and  initial,  zero,  the  head,  which  reads  the  first  pair  of 


nuabers 
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If  as  a  result  of  calculations  it  is  obtained,  that  with 

Wj»  then  this  it  aeans  that  the  k-th  and  j-tfc  pairs  of  nunbers  reads 
one  head.  If  values  St  ate  negative,  then  head  with  number  Sk  is 
arranged/located  relative  to  S0  in  side,  opposite  8k>0.  "fables  1  and 
2  give  distances  S»  for  the  reading  heads,  calculated  by  formula  (1) 
for  the  files  in  length  128  and  256  nunbers.  Eor  both  files  for  the 
classification  of  the  results  it  is  necessary  of  27  heads.  Increase 
in  the  number  of  these  heads  to  cccur  only  with  increase  in  n-log2N 
by  2.  Therefore  for  decreasing  the  equipment  the  files  of  the  data 
with  a  length  of  N-2*  with  odd  n  must  be  transformed,  leading  them 
to  the  files  with  even  n.  This  can  be  carried  out,  after  introducing 
two  channels  of  recording,  i.e. ,  after  dividing  file  into  two  parts. 
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Table  2. 
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Special  interest  is  cf  the  classification  of  initial  file  daring 
the  first  stage  when  heads  are  located  free  each  other  at  the 
distances,  calculated  according  tc  foreala  (1).  Beginning  free  the 
second  stage,  a  nunber  of  reading  heads  is  egual  to  2  in  each  colunn, 
and  the  distances  between  thea  are  changed  free  the  stage  to  th* 
stage  proportionally  of  the  degree  of  pair.  A  nunber  of  recording 
heads  is  egual  to  2  in  each  stage,  and  their  alignnent  is  not 
changed,  on  HB  with  this  structure  of  heads  the  results  of  conversion 
are  obtained  in  the  natural  order,  i.e.,  this  arrangenent/pcsit ion  of 
inforaation  and  heads  realizes  graph/count  with  the  nonrecurrent 
structure. 

Fron  the  given  analysis  it  fellows  that  a  nininua  number  of 
heads  is  obtained  during  the  use  cf  recurrent  and  nonrecurrent 
graphs/counts  during  the  recording  of  files  into  two  columns.  These 
two  structures  can  be  virtually  realized.  In  both  cases  the  distance 
between  the  heads  aust  be  egual  tc  one  nunber,  i.e.,  the  length  of  a 
nunber  on  the  drun  determines  the  distance  between  the  heads,  which 
depends  also  on  the  geoaetric  dimensions  of  head.  Therefore  the 
ainiaua  distance  between  the  heads  is  determined  either  by  the  length 
of  the  section  of  a  surface  of  HB ,  the  necessary  for  the  recording 
auaber  or,  if  the  length  of  this  section  is  lower  than  the 
technically  attainable  distance  between  the  heads,  the  geometric 
diaensions  of  the  heads  cf  reccrding  -  reading,  since  heads  are 
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placed  on  HB  at  the  distances,  prcpcrtional  of  the  degree  of  pair, 
then  the  length  of  circuaference  cf  HB  is  determined  by  the  length  of 
the  workable  file  that  it  is  as  essential  deficiency/lack  in  the 
described  structures.  To  eliminate  the  effect  of  the  sizes/dimensions 
of  aagnetic  recording  heads  on  the  oiniaun  distance  between  them  is 
possible  by  the  introduction  tc  the  duplicated/backed  up/reinforced  . 
recording.  Then,  as  can  be  seen  free  figura  7,  it  .is  possible  to 
spread  by  series/row  the  heads  confronting  into  the  different 
coluans.  In  this  case  the  ainiana  distance  between  then  will  ba 
deterained  only  by  the  length  of  the  nuaber,  written/recorded  on  MB . 
By  a  basic  diffarance  in  the  drun  in  question  fron  BE,  it  is  used  in 
Tsv H,  is  transferring  in  cne  coluin.  HB  with  a  siailar  method  of 
access  already  exist  [2].  For  the  realization  of  conveyor  data 
processing  it  is  necessary  to  organize  the  notion  of  files  alcng  the 
drua,  i.e.,  during  the  recording  cf  the  results  of  the  first  stage 
into  second  coluan  into  the  first  ccluan  it  is  necessary  to 
write/record  the  new  file  of  data,  thereby  realizing  a  continuous 
notion  of  files  along  the  drua. 


liia 


,'MmOi 


OOC  =  81024106 


PAGE 


Pig.  7.  Realization  of  nonrecurrent  structure. 


Page  114. 


If  during  the  "f luctation"  of  file  the  time  of  processing  group  of  k 
files  comprises  T=knt,  where  k  -  nuaber  of  files,  t  -  time  of 
transforaaticn  in  one  stage,  n=log2Rr  then  during  the  notion  of  files 
it  is  aqual  T=(k»n-1)4.  It  is  possible  to  decrease  the  conversion 
tiae  of  the  group  of  files,  if  we  begin  the  operations  of  the 
following  stage,  without  expecting  the  termination  of  previous.  The 
conversion  tiae  of  one  file  will  ccapose  t(2+2(n— 2)/N),  where  t  - 
conversion  tiae  of  one  stage  (tiae  cf  the  revolution  of  drum).  For 
H»1024,  t=10  as,  T®20  as. 


Above  was  exaained  the  ideal  aodel  of  drum.  In  the 
iapleaentaticn  of  the  described  structures  one  should  consider  that  a 
number  with  HB  is  read  consecutively/ser ially  or  is  parallel-series , 
aoreovar  proportionally  tc  an  increase  in  the  paths/tracks  grows 
eguipaent.  It  is  necessary  to  ccneider  that  the  results  will  be 


If 
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written/record ad  at  the  moment  cf  the  reading  of  the  following  pair 
of  numbers,  i.e. ,  the  beginning  cf  file  in  each  stage  will  be 
displaced  by  one  word.  However,  the  technical  realization  of  special 
difficulties  doas  not  represent. 
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ONE  TASK  OF  SCHEDULING. 

y 

E.  N.  Liang,  V.  A.  Ustinov,  N.  A.  utemba'ev. 

At  present  very  important  in  applied  sense  is  the  task  of 
scheduling  theory,  called  aorc  frequent  the  task  of  scheduling.  Its 
overall  diagram  can  be  described  as  follows,  there  are  by  ■  of 
aachina  tools  and  n  of  the  parts  each  of  which  must  pass  processing 
on  all  aachine  tools  in  the  deterained  order.  This  order  can  be 
identical  for  all  parts  cr  different  for  their  different  groups.  In 
this  case  the  operations  are  considered  indivisible  (after  beginning 
processing  the  i  part  on  the  j  aachine  tool,  ve  they  must  bring  it  to 
the  end)  . 

Is  preset  aatrix/die  A-|s„Jl,  where  a,yX)  -  tiae,  necessary  for 
processing  of  part  <s</- 0,  if  the  i  part  is  not  treated  on  the  j 
aachine  tool).  It  is  necessary  to  indicate  this  starting  sequence  of 
parts  in  the  processing,  which  would  ainiaize  the  total  time  of 
processing  all  parts,  i.e.,  the  length  of  productive  cycle. 

to  the  diract  solution  (via  straight/direct  sorting  all 


DOC  =  81024106  PAGE 

versions)  this  task  does  not  yield,  since  already  in  the  simplest 
case  of  the  identical  passage  of  parts  it  would  be  necessary  to 
choose  smallest  from  n  !  values.  The  foraulation  of  the  problems  of 
this  class  in  the  fora  of  the  tasks  of  integral  linear  programming  is 
one  of  the  promising  methods  of  resolution  of  problem. 

Formulation  of  the  problem.  Let  us  consider  general  probxem  of 
scheduling  in  connection  with  ccrcrete/specif ic/actual  object.  As  the 
subject  of  research  is  undertaken  the  production  section  "steel 
foundries  -  the  isolaticc/evoluticn  of  soaking  pits".  Karaganda 
metallurgical  combine. 

Page  116. 

Production  process  in  this  section  carries  discrete/digital  character 
and  represents  the  series/row  of  the  consecutive  operations  of 
working  metal  (meltings  or  ingots): 

1)  the  smelting  of  metal  in  the  Hartin  and  converter  shops; 

2)  casting  into  the  casting  ferns; 

3)  residue  after  casting  (crystallization)  ; 
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4)  stripping  the  "undressing"  of  melting  (blast ing/detr*  m=.nt  cf 
ingots  or  the  removal/taking  casting  foras)  before  its  settlement 
into  the  heating  nuclei  ONK; 

5)  settlement  and  heating  ingcts  in  the  nuclei  ONK; 

6)  the  rolling  of  ingots  on  the  roughing  mill. 

The  length  of  metal  working  cn  different  operations  is  the 
random  parameter,  depending  on  the  method  of  smelting  metal 
(converter  or  Martin)  and  from  the  type  of  ingots. 

In  the  technological  cycle  of  metallurgical  plant  the  section 
"steel  foundries  -  ONK"  is  one  cf  the  most  complicated  ones. 

Non uniform  output  of  metal  in  the  steel  foundries  leads,  on  one  hand 
to  idle  times  of  the  roughing  mill,  and  on  the  other  hand  -  tc  the 
delay  of  output  into  the  rolling  of  the  heated  metal,  which  causes  a 
increase  in  the  scale  formation,  the  further  consumption  of  fuel, 
etc. 


Furthermore,  for  guaranteeing  the  rhythmic  work  of  the  roughing 
mill  it  is  necessary  to  approach  the  decrease  of  a  quantity  of 
readjustments  of  mill,  which  sets  the  specific  limitations  by  *r. 
order  of  the  issue  of  meltings  according  to  the  types  of  ingots. 


i 
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The  task  of  the  diurnal  planning/gliding  of  the  issue  of 
■eltings  in  the  steel  foundries  is  formulated  in  the  terms  of  the 
task  of  scheduling  whose  setting  is  given  in  work  [1],  The  special 
feature/peculiarity,  which  differs  the  task  in  guestion  from  tho 
general/common/total  setting,  is  the  introduction  of  further 
limitations  to  a  length  cf  repair  and  a  quantity  of  overhauled  nuclei 
ONK: 

(1) 

^  -  ^Vt/r.V  ,P*T - 

where  1^,:  -  time  of  the  termination  of  the  repair  (k  -  identification 
number,  1  -  number  of  the  group  of  aggregates/units) ; 

£1  -  time  of  the  beginning  cf  repair; 


P  -  standardized/ncr salized  length  of  the  repair  (it  depends  on 
the  type  of  aggregate/unit  and  means  cf  repair)  . 


~  -*  ,T 


whe  re 


j,  f  ^eftsa, 

?4r 


(2) 


lipwMmwi-Mylier-’  - ;;H 


Key:  (1).  if  nucleus  is  lccated  ic  the  repair;  (2).  otherwise. 
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Evaluation  criteria  cf  the  graph  of  the  issue  of  Beltings  must 
consider  requirement  of  the  aisiaoa  of  the  length  of  production 
process,  tine,  necessary  for  the  read justnent  of  Bill,  and  also 
losses  during  the  distribution  cf  ingots  according  to  the  nuclei  cf 
ONK.  Thus,  the  criterion  cf  the  quality  of  planning/gliding 
following: 

■  m—l'm 

rip)  -  +  2 “  <**>.  '  (3) 

.  1—1  i-u«lr 

where  tt  -  period  of  the  readjustment  of  aill; 

k  -  quantity  of  read  just aents; 

(£ij+i  —  *ij)  -  latency  of  the  i  claii  before  aaintenance/ser vicing 
(j*1)th  by  aggragate/unit ; 

a  -  quantity  of  aggr egates/units  of  na in tenance/ser vicing; 

n  -  quantity  of  claias; 

P(t)  -  certain  function,  which  calculates  the  distribution  of 
ingots  on  the  basis  of  the  nuclei  CNK  and  the  state  cf  nuclei. 
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The  essential  feature  of  task  is  the  fact  that  the  time  cf 
processing  any  i  claim  fcr  the  j  aggregate/unit  is  random  variable 
with  known  law  of  distribution.  Let  us  introduce  into  the  function  of 
target  (3)  random  vector  c,  into  which  in  general  enter  the  random 
noise  and  the  control  pressures.  Is  a  result  the  task  of  scheduling 
the  optimum  the  issue  of  aeltings  for  the  1  realization  is  reduced  to 
the  minimization  of  the  functional 

Afc)  jWp,  c)'f(p)‘*p.  (4) 

The  quality  of  planning/gliding  is  considered  on  the  statistical 
model  of  the  section  in  question.  Therefore  finally  we  obtain 

(5) 

where  H  -  quantity  of  realizations; 


-  discrete/digital  aralog  of  the  function  of  target 


(4)  ; 


m  -  many  plans/layouts. 


t*. 


r--£ltrcp, 

a 

2 

I«4 


/  • 


where  (6)  -  continuity  condition  of  operation,  (7) 


the  condition  of 


the  iapossibility  of  perfecting  melting  simultaneously  cn  two 
aggregates/units,  (8)  -  limitation  in  the  length  of  repair,  (9)  - 
limitation  in  a  quantity  cf  overhauled  nuclei  in  ONK. 
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Algorithm  of  the  solution.  The  task  in  question  relates  to  class 
of  the  combinatory  tasks  of  discrete/digital  programming.  The 
multiple  methods  of  their  solution  are  heterogeneous  by  the 
character,  but  they  all  tc  a  certain  degree  use  an  idea  of  sorting. 

By  the  most  widely  used  method,  which  makes  it  possible  to  decrease  a 
number  after  subduing,  is  the  "sethcd  of  branches  and  borders".  Is 
close  to  it  the  "additive  algorithm"  of  Balash  and  its  modification, 
the  "simplex  method  with  the  cessations"  and  so  forth. 

This  problam  it  is  proposed  to  solve  the  "method  of  branches  and 
borders".  Its  basic  idea  consists  cf  the  consecutive  step-by-step 
separation  of  many  permissible  solutions  [2].  The  evaluation  of  the 
solution  at  each  step/pitch  of  separation  is  conducted  cn  the 
statistical  nodal  of  the  section  in  question.  At  the  basis  cf  the 
separation  of  many  permissible  versions  of  the  graph  of  the  issue  cf 
meltings  lie/rest  the  following  ccnsiderations.  Entire  multitude  of 
meltings  can  be  decomposed  into  several  groups  according  to  the  types 
of  casting  foras,  let  us  assuae  tc  three:  m,  1,  n.  In  turn,  each  cf 


a,  1,  a  of  the  nuabers  of  aeltings  consists  of  two  types  of  meltings 
-  KP  and  SP.  k  quantity  of  paraissibla  versions  at  the  first 
step/pitch  is  aqual  to  tha  nnabar  of  par  nutation  of  three 
aleaents/cells.  For  each  version  cn  statistical  aodel  are  confuted 
the  values  of  functional.  Froa  than  is  chosen  aininua.  At  the 
following  step/pitch  aany  aeltings,  selected  on  the  ainimum  of 
functional,  are  divided/iarked  cff  into  three  subsets,  differing  from 
each  other  by  the  fact  that  in  cne  of  tha  groups  a,  1,  n  is  changed 
sequence  of  tha  types  of  aeltings.  Is  coaputed  the  value  cf  the 
functional  of  each  subset.  4nd  so  until  is  found  the  close  to  the 
optiaua  graph  of  the  issue  of  aeltings. 

Soae  results.  On  the  statistical  aodel  of  the  section  of 
netallurgical  plant  was  traced  the  functioning  of  converter  shop  for 
the  purpose  of  the  deteraination  cf  the  necessary  quantity  of  pouring 
floors  under  the  following  conditions  and  during  the  limitations: 

•ork  two  converters  by  productivity  to  25  saltings  each  with  the 
average  period  of  salting  one  heux,  for  the  average  delay  time  of 
coaposition  after  the  casting  of  0.5  hours,  reliability  0.95;  the 
sselted  aelting  is  ianediately  serviced/aaint eined  by  pouring  flocr. 
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In  the  foraulatad  task  they  were  used  the  sethod  cf  branches  and 


borders  in  the  siaplified  setting,  the  obtained  results  shoved  th» 
efficiency  of  algorithm  and  the  adequacy  of  ncdel  object. 


j|s  a  result  of  repeated  playback  on  the  computers  BESN-3n  were 
obtained  the  following  results:  fcr  the  satisfaction  of  the.  preset 
conditions  and  requirements  is  recessary  the  presence  of  six  pouring 
floors;  the  aean  delay  ties  of  the  coepositions  before  the  stripping 
isolation/evolution  due  to  the  queue  of  2.4  hours,  the  nean  shutoff 
period  of  the  stripping  isolaticn/evolution  of  15.9  hours. 
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The  nuabering  of  tha  eleaents/tMMfc  of  the  subsets  of  th6  separation 
of  apexes (MertMas  a  n-  graduated  binary  Cuba,  by  the  linear  form 
realized. 


L.  fl. 


▼a. 


Lat  on  aany  2.  a paxes/ vertexes  of  n-diaensional  binary  cube  is 
deterained  the  linear  fore 

/  a 

z.(fl,  x)*-^****  (1) 

Here  vector  t  dateraines  fora  factors;  T  -  variable/alter  rating 
binary  vector.  »hen  vector  7  passes  set  fere  accepts  sequence  G 
of  the  values: 

G— {r„  r*  ....  ra),  (m<r\ 

In  accordance  with  this  fern  (1)  realizes  a  separation  of  set 
into  the  classes  of  equivalency  «■: 

*  (0 
2,—  u «. ,  #.  n  —0  «¥*?. 

Key:  (1).  with,  where  each  subset  «•  is  deterained  by  the  condition 

8.  —  {T/L„(«,  x)— r.}. 


In  the  article  is  placed  the  task:  to  indicate  the  principle  of 


DOC  =  81024  106 


PAGE 


the  single-valued  numbering  of  the  elements/cells  of  each  cf  th« 

subsets  •«. 

iithout  tha  lisitaticn  of  generality  it  is  possible  to  consider 
that  all  coefficients  of  fori  (1)  are  different  from  zero  and  are 
arranged/located  in  the  order 

e1<ot<. ..  <a„ 

os  interests  the  case  when  S<2*  and  «*  -  integers.  The  case*  when 
a*  are  rational*  easily  is  reduced  to  the  case  of  linear  fern  with 
the  whole  coefficients. 
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Algoritha  of  the  deterainaticn  of  a  nuaber  of  apexes/vertsxes  cf 
subset  o. 

Let  us  designate  by  synbol  S.(e,  r. )  a  nuaber  of  apexes/ vert  exes 
of  subset 

Assertion  1.  the  generating  function  of  tha  sequence  of  numbers 
Sm(a,  r. ),  (r«e<7)  takes  the  fora: 

IT  (l+*“»)  -  5.(5,  k)xk,  (2) 

— 1  *5, 

min  *)). 

t,-nux{L.(o,  *)}. 


where 
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Proof  follows  directly  fron  the  dlsclosure/e xpansion  of  product 


n(i +*••). 

•«1 


Let  us  consider  procedure  of  the  calculation  of  values  S„(a,r.). 


If  rt^0#  then  fnac^icn  Fm(x)  let  us  leave  without  the  change;  i 
rt<0#  then  instead  of  function  FA*)  let  us  consider  4,(x): 


•M-x-'-F.frX 


It  is  obvious, 


where 


nci-MH 

'  S-l-J. 


Since 


1 

♦.<*)-  2  3.(5.  J+  --d*'. 


then 


"  i+x  * 


Consequently, 
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dance 


(*+l> 


(*+«! 


2*  e.(l)(0)4'.(*~<1(Q) 

_~<r~  (*-o!  • 


(3) 


Let  $»•(*)  be  decoaposed/expanded  in  the  Haclaurin  series  of  the  form 


Since 


S,(a. 


equality  (3)  detareines  following  recurrent  formula  for  sequence 
S.(eTr.): 


■ 

S.(«,  k  +1+  "hi  j~yy  ^S,(a.  /• 


(4) 


Thus,  the  calculation  of  a  quantity  of  apexes/vertexes  of  the 
classes  of  equivalency  is  reduced  to  determination  f,.  Let  us  pause 
at  the  eethod  of  their  determination. 


Since 
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'£s-2v. 


= 


i+*  l 


0.  ecjiH  X  (tnodaj 

«g. 


(modaj, 


Key:  (1) .  if. 


then 

S 

7«"“  2**v  (5) 

Thus,  the  algorithm  of  the  consecutive  determination  of  values 
S,<e,r.)^ is  unambiguously  determined  and  is  realized  according  to 
recursion  formula  (4) ,  where  coefficients  t,  are  computed  from 
formula  (5).  let  us  note  that  0  when  and  only  when  k'eO. 
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Assertion  2.  The  algorithm  of  the  calculation  of  values  BJfl  .  r.) 
makes  it  possible  to  describe  all  apexes /vertexes  of  set  a*.  In  fact 
all  elements  of  set  °«  can  be  decomposed  intc  tow  types: 
elements/cells  with  component  *,»1  (number  of  them  is  equal  to 
3m- t(<T  r«— «„)  and  elements/cells  with  component  x.-0  (number  of  them 
is  equal  to  8—i(a,r,)).xn  this  case 

S„(a,  n  )  =-S«_i(o,  r«— o, )  +S«-i(o,  r. ). 


(6) 
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f 

This  separation  of  set  a.  it  is  possible  to  represent  thus: 

S„(a,  r. ) 

*,=1  /\  *.=0 

r.  -a.)  S.-t  (a,  r. ). 

He  determine  S»-i(a,  r.  —  a„)  and  S»-i(a,  r, )  through  recursion  formula  (4) 
we  find  tha  values  of  components  *«  of  all  elements  of  set  a,. 

The  analogous  separation  of  sets  S_i(a,  r«— ej  and  Sa~i(a,  r.) 
according  to  recursion  formula  (6)  classes  elements  of  set  ».  to  th 
subgroups  on  component  *«-i.  Further,  continuing  thus  the  process  of 
the  separation  of  set  *•.  we  find  all  its  apexes/vertexes. 


As  a  whole  the  process  of  the  separation  of  set  «•  can  ba 
depicted  in  the  form  of  the  binary  graph/count: 


H 
1 1, 


ur 

m 


Key:  (1)  .  Principle  of  the  numbering  of  elements  of  set* 


A 
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Lflt  *(=(£*,  -  •  1 1 4Pi)@4, ,  (£=l*  2, . . .  t  SiiOi  r* )). 

fkye.  /£</• 

Value, 

—  ■  ■  •  :  ;  . 

M*#  . .  -+-*!•  2+*i 

we  will  call  the  weight  of  this  element/cell 
xt6  o.  (i=>l,  2, .  .y*  S,(«,  r«)).  Ail  elements  cf  set  ««  let  us  order  by  the 
decrease  of  their  weights 

Pl>Pt  •  •  ^>PsMi«>r.) 

let  us  ascribe  to  each  element/cell  with  a  weight  of  p,  reference 
number  *(v=l, 2,...,  Sa(a,  r«)). 

Let  us  describe  the  algorithm  of  the  determination  of 
element/cell  x,  e a.  from  its  preset  number  vo- 

We  will  use  recursion  formula  (6): 

S.(o,  r,  )=S*_ i  (o,  r.  —  gj  +S,-i  (a,  r.  X 

Relatively  components  *■  of  unknown  element/cell  xs=(X|w  *i) 

with  number  v0  are  possible  twe  cases: 

*«=— 1.  ecjta  0<>0<S»-i(a,  r«  —  oj; 

*»=“0»  «cjim  r.  —  a,J<  r«). 

Key:  (1).  if. 

Relatively  components  «m  of  unknown  element/cell  x,,  with  number 
vo  are  possibla  the  cases 
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npn  *,=»!:  *._i=  1,  ecjiH  0<\<Sm-4a,  r «  —  a*— a.-*), 
*1.-1=  0,  ec^i  S*-i(o^r«  —a,—  a„-i)<v< 

<  S,_i  (a,  r«  — aj; 

J$h  x„=0;  x_1=l,  ekln  S»_t(a,  r.  —  a  J  <  »#  < 

<  Sn-t(a,  r.  —  a„_i), 
xB-i—  0,  «SaH  SB_i(o,  r.  — 


Kay:  (1).  with.  (2) 


<  S*-»(a.  r. )  ' 

if.  (3).  and  sc  forth. 


Continuing  this  process,  we  find  eleaant/cell  T,««. ,  to  which 
earlier  was  conferred  nuaber  *•. 

Lat  us  describe  the  algorithm  cf  the  formation  of  the  number 
this  element/cell  from  set  «*. 


It  is  obvious,  number  v  cf  the  preset  elaaent/cell  consist 
within  the  liaits 

00'<3.<a,  rm%} 
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The  unknown  nuaber  we  will  find  by  iterations  vi,  . . .  v,  by  the 

consecutive  use  of  recursion  foraula  (6)  . 
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First  step/pitch  of  iteration.  Depending  on  the  value  of 
component  x,  of  the  element/cell  ic  question  are  possible  two  cases. 
If  xa=»l,  then  element/cell  *,  belongs  to  set  g^_|(o,r«— a,).  Then  the 
unknown  number  consists  within  the  limits 

0  <*<S_i(eIr.  —  a,). 

In  this  case  first  approximation  v,  of  number  v  we  assume/set  by 
equal  to  zero. 


If  x,=*0,  then  element/cell  x,  belongs  to  set  S»_i(o,  r. )  and  its 
number  consists  within  the  limits 

3m~ i(e.  r.  —axX't<Sm{a,  r. ). 

In  this  case  first  approximation  vi  of  number  v  will  be  determined 
by  value 

^—3^(0,  r.  —  a„). 


Second  step/pitch  of  iteration.  Depending  on  the  first  or  second 
case  of  the  previous  iteration  we  realize  respectively  a  separation 
of  a  number  of  elements/cells  r,  —  o.)  or  )’  ana  analogous 

with  previous  depending  on  the  value  of  component  xM-i  we  determine 
the  second  approximation/apprcach  of  number  v*  if  —  1,  then  vt=vi; 

if  x*_i=0,  then  v>+  S_r<o,  k),  where 


*  — 


r.  —  b*_i,  earn  x,=l 

r«  —  •wit  «ikm  x,==0  -<« & 


Key:  (1).  if.  (2).  and  sc  forth 
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Prccess  is  finished  cn  i  iteration  (l^i^)  »  if  many 
ale aent s/cells  S.-i<o,#)  consist  cf  one  element /cell  x. ,  in  question 
then  unknown  number  *  is  equal  tc  »,  +1. 
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aSEjEiJUXXnXlBH  OF  COHPOTEBS  AHD  EETHODS  OF  PBEDICTIOM  IN  PROCESSES 
OF  SOPPLT. 

B.  Kh .  Rurkhaydarow,  Te.  A.  Pil'shchikov. 

one  of  the  most  important  branches  of  the  national  econoay  of 
Kazakhstan  is  the  systea  of  aaterial  and  technical  supply,  which 
realizes  systeaatic  distribution  of  the  production  of 
production-engineering  designation/ purpose  and  its  bringing/finishing 
froa  the  supplier-enteprises  to  the  user  enterprises  of  all  branches 
of  aaterial  production. 

* 

"The  provisions  of  a  aajority  of  users  with  aaterial  resources  in 
Kazakh  SSR  is  nade  by  a  single  systea  of  the  erg  a  ns/controls  of 
aaterial  and  technical  supply  -  by  principal  adainistration  of  the 
Council  of  Binisters  of  Kazakh  SSB  on  the  aaterial  and  technical 
supply  (by  Glavsnab  [  -  Bain  Supply  Adainisration  ]  of  Kazakh 
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Satire  activity  of  the  organs/controls  of  supply  of  the  systea 
of  Glavsnab  of  Kazakh  SSR  can  be  deconposed  into  the  following 
stages. 

1.  Application  operating  period  in  course  of  which  is 

revealed/detected  necessity  of  rational  econoay  of  Kazakhstan  for 
production  of  production-engineering  designation/purpose  (according 
to  noaenclature  of  GOSSRAES  [  -  State  supply]  of  OSSS) . 

2.  Obtaining  pools  and  distribution  to  their  users. 

3.  Obtaining  froa  Onion- Republic  ain  is  tries  and  departnents  of 
notices  about  earaarked  pools  into  aaterial  resources  with 
noaenclature  of  Gosplan  of  the  OSSB. 

4.  Specification  and  schedule-order  of  pools. 

5.  Realization  and  check  of  realization  of  assigned  production 
both  to  enterprises  and  to  bases  UBTS;  in  necessary  cases  reception 
of  aeasures  for  approxlaation/approach  of  delivery  tines. 

6.  Operational  work,  which  includes  asseably  of  inforaation  and 
representation  in  established/installed  periods  of  data  on 
realization  of  pools  according  to  predicated  nonenclature,  nethod  of 


DOC  =  81024107 


PAGE 


farther  dales  froa  enterprises  and  their  guarantee,  extraction  of 
further  pools  to  enterprises  and  to  organizations  due  to  internal 
resources/lifetiaes  and  decentralized  purchase,  operational  solution 
of  critical  guestions  concerning  guarantee  of  serviced  users. 

Page  137. 

Thus,  control  process  of  the  supply  (deliveries)  of  production 
on  broader  scale  consists  of  two  phases: 

a)  the  phase  of  planning/gliding  (asseably  of  claias  froa  the 
users,  the  coaposition  of  cob  pound  claia,  obtaining  pools,  their 
distribution  according  to  the  users,  the  fastening  of  users  to  the 
suppliers) ,  realized  with  the  periodicity  of  tiaes  in  half  a  year  or 
block  to  the  beginning  of  period  being  planned; 

b|  the  phase  of  operational  control,  which  ensures  the 
realization  of  the  initially  coaprised  plan/layout  of  deliveries. 

Operational  control  enters  in  the  operation  during  the  detection 
of  deviations  froa  the  fulfillaent  of  the  plan  of  deliveries  and 
consists  in  the  generation  of  the  solutions,  directed  toward  the 
eliaination  of  the  disturbances/breakdowns  of  the  noraal  running  of 
deliveries  to  production. 
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By  nost  critical  and  labor -consu sing  control  function  supply  is 
tbs  dstornination  of  nscsssity.  The  utilized  at  present  set  hods  of 
guaranteeing  the  necessity  during  the  conposition  of  the  plan/l*yout 
of  the  aaterial  and  technical  supply  of  users  possess  a  nuaber  of  the 
deficiencies/lacks,  caused  by  the  following  reasons:  users  compose 
claiss  long  before  the  beginning  cf  period  being  planned  without  the 
predicated  plan/layout  of  production  for  the  following  year; 
necessities  are  overstated  in  view  of  the  late  introduction  of 
changes  of  the  norss  of  consunpticn  into  the  card  index  of  standard 
econosy  or  consciously;  users  represent  clains  late. 

Thus,  the  cosprised  in  the  appropriate  levels  of  the  systen  of 
Glavsnab  compound  claiss  of  the  users  of  region  (republic)  do  not 
reflect  real  necessity,  in  this  case  the  calculated  necessity 
considerably  differs  froe  actual  deeand. 

At  the  stage  of  the  deteraination  of  the  specified  necessity 
taking  into  account  the  earearked  pools  also  appear  large 
difficulties  because  aany  users  send  specification  with  the  large 
delay  or  coepletely  do  not  send.  Thus,  at  the  level  of  bases  in 
sinilar  situations  it  is  necessary  to  realize  a  prediction/forecast 
of  the  specified  necessity  for  the  aaterials  by  the  eethod  of  an 
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increase  in  the  necessity  of  last  year  by  10-15o/o,  which  unavoidably 
leads  to  the  errors  and,  therefore,  to  the  farther  work  on  the 
eliaination  of  the  eaergent  nencooforaity. 

The  difficulties  indicated  lead  to  the  need  for  using  nethods  of 
the  short  tern  prediction,  which  have  the  relatively  si a pie  structure 
of  aodel  and  at  tha  sane  tine  which  aaka  it  possible  to  obtain  the 
reliable  and  sufficiently  accurate  results  of  the  forecast  of  the 
necessity  for  aaterial  resources. 

Page  128. 

In  this  case  it  proves  to  be  necessary  to  develop/procass  the 
aethods,  which  ensure  the  consecutive  updating  of  the  forecasted 
characteristics  taking  into  account  the  obtained  deviations  of  the 
prediction/forecast  of  the  necessity  froa  the  actual  realization  for 
the  period,  which  precedes  that  planned/glided. 

By  very  proaising  in  this  direction  is  use/application  in  the 
control  the  processes  of  the  supply  of  the  aethods,  worked  out  in  the 
theory  of  the  optinua  control  systeas.  Thus,  for  instance,  analogous 
with  systens  with  the  accuaulatlon  of  is  for nation  about  object  [  1]  in 
control  systea  by  aaterial  and  technical  supply  it  is  possible  to 
observe  the  "prehistory"  of  the  process  of  supply  on  tha  basis  of  the 
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analysis  of  the  available  statistical  account  during  the  past 
periods*  which  will  sake  it  possible  to  aore  accurately  consider  the 
future  values  of  the  characteristics  of  this  process*  to  replace  the 
a  priori  probability  distributions  of  characteristics  with  a 
posteriori  ones  and  to  sake  the  best  decisions  in  the  beginning  of 
each  period  being  planned. 

Furthsraore*  in  control  systee  by  aaterial  and  technical  supply* 
which  is  characterized  by  the  alternating  phases  of  planning/gliding 
and  operational  control*  it  is  desirable  to  even  at  the  stage  of 
planning/gliding  take  into  account  the  dynaaics  of  production  on  the 
supplier-enteprises  and  the  dynanics  of  the  consuaption  of 
resources/lif etiaes  by  users  in  order  to  decrease  in  the  certain 
degree  the  load  on  the  systea  of  operational  control*  since  the 
account  of  these  changes  will  aake  it  possible  to  considerably  reduce 
the  probability  of  the  appearance  of  disturbances/perturbations  in 
the  node/conditions  of  operational  control. 

Let  us  introduce  sone  designations.  Let  9ij  ~  quantity  of  service 
life  of  the  i  fora*  expended  per  unit  tine  in  accordance  with  the 
plan/layout  of  production  and  the  noras  of  consuaption,  i*1,  ...*  H; 
J*1,  ...*  P.  Then  the  integral  curve  of  the  consuaption  of  the 
service  life  of  the  i  fora  by  certain  set  of  user  enterprises  (for 
exaaple*  branch*  region  or  of  republic  as  a  whole) 
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*-!.* . N’  (1? 

<-»o 

aoreover  at  tha  and  of  tha  planned  pariod  (0,  T)  oust  ba  aatlsflad 
the  condition 

yrfJW,,  <-1.2.....  N, 

ahara  At  -  output  of  tha  i  fora,  aasigcad  to  the  users  of  tha 
specific  branch,  region  or  republic. 

Page  129. 

Thus,  for  tha  execution  by  the  users  of  plan/layoet  up  to 
aoaent/torgue  t  suppliers  aust  place  not  less  ?s(0  the  units  of 
output  of  each  fora  (i*1,  2,  ...,  H) .  In  actuality  sonatinas  occur 
delays  and  disruptions/separations  of  the  plan/layout  of  deliveries 
due  to  the  distucbances/perturbations  in  the  systea  of  aaterial  and 
technical  supply  (breakdown  of  aggregates/units  on  the  supplier 
plant,  changes  of  progran  or  necessity  of  coasuaer  plant,  etc.).  For 
the  force  of  thase  reasons  the  actual  curve  of  necessity  ?,(<)  differs 
froa  the  planned  conditions  of  use  ?■  <t)  and  it  is  certain  randoa 
function  of  tine. 

Figure  shows  the  sequence  of  the  values  of  the  realization  of 
randoa  function  9t  at  the  particular  aoaents  at  tine,  deter ainad  on 
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the  basis  of  tbs  data  of  statistical  account  about  the  deliveries  to 
production  by  the  increasing  result. 

Let  us  consider  certain  econcsic  process  E(t),  under  which,  in 
particular,  it  is  possible  to  understand  the  process  of  consuaption 
at  the  level  of  individual  enterprises,  production  associations, 
branches,  econoaic  regions  or  of  republics. 

Let  it  be  process  changing  discrete  in  the  tine,  it  is 

deteraiaed  by  the  relationship/ratio 

«-0. 1 . T.  (2) 

Taking  into  account  such  econoaic  characteristics,  as  the  indices  of 
the  rates  of  growth  T|_J*±<  and  the  increase  Ak,  let  us  present 
relationship/ratio  (2)  in  the  fora 

At#— M*  *-0. (8) 
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The  solution  of  aquation  (3)  for  any  aoaant  t  under  the  preset 
initial  coaditioas  (ts,  t„)  is  determined  by  the  fornula 

MS'- 

where 

In  the  case  of  the  integral  curve  of  the  consumption  of 
resoarce/lifetiae  it  is  logical  to  assoae  that  Osss  X,<1. 

virtually  acceptable  with  this  approach  is  the  evaluation  of  the 


5f=[|ff(1+X() 


future  values  of  deaand  (necessity)  according  to  the  predicted  data 
of  the  rates  of  increase  in  the  necessity*  determined  on  the  basis  of 
the  statistical  analysis  of  inforeation  during  the  past  periods. 
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Let  as  considsr  another  approach  to  obtaining  of  the  evaluation 
of  the  possible  versions  of  the  developaent  of  the  necessity*  based 
on  the  representation  of  the  trajectory  of  process  f  (t)  in  the  fora 
of  the  sua  of  ragular  cob  pone nt  and  the  randoa  process,  then  for  each 
particular  aoaant  of  tine  Mi=l,  2,  . . . ,  n)  we  have 

i=lc ....  a.  (5) 

where  l)  -  value  of  the  trend  of  process  E(t)  at  aoaentAorgue 

the  value  of  the  realization  of  the  randoa  coaponent  of  process 
at  aonent/torqua  *t. 

Randoa  coaponent  *>(0  can  be  considered  as  stationary  randoa 
process  with  aatheaatical  expectation  *f[n(*)l-*eon«t,  by  dispersion 
o,2(f)-const  and  correlation  function  »*)—&,(*).  without  the 

liaitation  of  generality  it  is  possible  to  assune  HfoWI-O*  we 
consider  also  that  the  coaponent  (t)  can  be  presented  in  the  forn 

*0 -2  .. 

where  «j  -  unknown  paraaeters  which  aust  be  deterained, 

f}(f)  -  the  preset  sequence  of  the  linearly  independent  functions*  for 
which  is  decoaposed/expanded  regular  coaponent. 

In  general  fora  the  task  of  deternining  the  necessity  for  the 
following  period  can  be  fornulated  thus.  Let  be  known  the  dynanics  of 
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the  process  of  consumption  €(t)  daring  the  past  periods: 

(fift&f-l. 

Page  131. 

It  is  necessary  to  give  the  evaluation  of  deaand  Wi=^*+i)  at 
aoeent/torgoe  f«+i=f«+To  (to  -  the  tiee  of  prevention/advance). 
Forecasted  value  depends  on  aceents/torgues  (/—l,  ....  n)  and 
froa  previously  aeasured  values  *i.  <~1.  •••»  ».  i.e. 

^■+l— /(^lt  •  «  •  »  In 

Under  the  assumption  (5)  by  aost  advisable  ones  is  considered  the 
approach,  based  on  the  use  of  methods  of  the  aptiaua  filtration  of 
randoa  processes  and  sequences. 

In  our  casa  the  task  consists  in  the  isolation/evolution  of 
regular  component  £°(t)  froa  randoa  n(0.  i.e.,  if  is  preset  sequence 
in  the  fora  of  the  discrete/digital  realization  of  the  additive 
randoa  process  5  (t)  ,  which  satisfies  conditions  (5)  and  (6),  then  it 
is  required  to  filter  out  sequence  S(t,),  i=0, 1, . . . ,  n  at  the  aoaent  of 
tine  f»+i=f,+T0  then  so  that  the  dispersion  °2»+i  of  evaluation 
mlKt.+i)]  would  be  ainiaua.  By  the  methods  of  the  theory  of  the 
filtration  of  randoa  processes  (sequencas)  [2]  it  is  possible  to 
determine  the  evaluations  of  the  characteristics  or  process  t  (t)  at 
aoaent/torque  *■+*. 
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Lst  as  register  evaluation  in  the  fora 

U 

kt.+i)='2l»Mtt).  (7) 

tmC 

where  weight  coefficients  «i  are  found  froa  conditions  the 


nondisplaceaent  of  the  evaluation 

m 

M  2®.^)  “  **•+•*  (8) 

'•V*..*  i.  *$wm  _  6*4 

and  of  the  ainiaua  of  the  dispersion 

•  '•*  r-v- -  -*r*j*-.‘*'  .  . 

•u«*-  » 

M>>« 

It  is  possible  to  show  that  the  deteraination  of  optiaua  weights  a< 


is  reduced  to  the  task  of  alniaixation  (9)  daring  the  liaitations 


Page  132. 


f /<*.«)  =  Jeif/fd 


(10) 


with  the  halp  of  the  nethod  of  Lagrange's  indefinite  aultipliers 
the  eztreae  task  indicated  is  reduced  to  the  solution  of  the  systaa 
of  the  linear  agnations  relatively  (n+1)  of  coefficients  a<  and  a  of 
undeter ained  coefficients  if* 

m  m 

2^  *(^)=o 

«-o  *-i  (ll) 

•♦i)*  u-*o*  1».  1,...  m). 

i-o 


The  dispersion  of  optiaua  evaluation  we  find  through  foraula  (9) 
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Thus,  on  the  basis  of  the  statistical  analysis  of  inforaation 
about  the  development  of  the  necessity  in  the  past  and  for  the 
present  is  detarained  the  trend  of  its  development  in  the  fora  of 
function  (6)  taking  into  account  the  obtained  values  of  paraneters 
at  and  is  computed  the  value  of  demand  when  *»+i. 

The  aethods  of  the  optiaua  filtration,  which  ensure  the  saallast 
variance  of  error,  require  the  calculation  of  new  weight  coefficients 
for  each  point  of  realization.  Furthermore,  for  guaranteeing  a 
sufficient  correctness  of  forecast  at  the  preset  length  of 
discrete/digital  realization  can  arise  need  in  an  increase  in  the 
frequency  of  the  observation  of  process  (for  example,  monthly  or 
every  ten  days  obtaining  of  suaaaries  about  the  realization  of 
deliveries),  which  leads  to  an  increase  in  the  volume  of  inforaation. 
The  solution  of  these  probleas  is  possible  only  in  the  presence  of 
powerful/thick  computational  means  (TTs  of  highest  category  at  the 
level  of  central  boards  and  single  territorlat  administrations  )  .  on 
the  bases  and  territorial  adainistrations,  which  have  the  Halted 
coaputational  power,  it  is  expedient  to  use  simpler  (although  are  the 
less  exact)  aethods  of  processing.  To  thea  can  be  attributed  the 
aethods  of  the  slipping  average,  linear  predictor,  exponential 
saoothing  (Braun *s  aethod)  [3,  4],  expert  evaluations  [5].  The 
required  accuracy  the  evaluations  of  the  pa  ranters,  and  also  the 
storage  capacity  and  the  high  speed  of  coaputers  determine  the 
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selection  of  one  or  the  other  nethcd. 

However,  the  aethods  of  prediction  cannot  ensure  the  required 
accuracy  and  reliability  in  the  deternination  of  deeand  for  the 
sufficiently  prolonged  periods  due  to  the  random  factors,  which 
appear  in  the  systen  of  supply  and  which  lead  to  the 
uncertainty/indstarainancy  in  the  predict ion/ forecast.  rurtheraore, 
inforaation  analysis  according  to  a  saall  number  of  observations  does 
not  aake  it  possible  to  deteraine  the  effect  of  all  these  factors. 

During  the  subsequent  period  can  enter  the  operation  also  the 
concaaled/latent  previously  factors,  which  to  a  considerable  extent 
affect  the  developaent  of  denand  and  the  reflecting  specific 
shifts/shears  in  structure  of  consuaption. 

Page  133. 

Thus,  for  instance,  appearance  of  new  users,  change  in  the  prograe  of 
production  in  soae  enterprises  and  so  forth  lead  to  the  need  for 
aaking  aore  precise  and  correcting  the  plan/layout,  comprised  in  the 
previous  stage  of  planning/gliding. 

The  greatest  affect  in  the  guarantee  of  connecting/fitting  the 
prograa  of  production  with  the  necessities  for  it  all  over  the 


i 
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specified  nomenclature  can  be  achieved/r e ached  in  the  case  when  is 
cealizad  control  oE  the  process  of  supply  (updating  plan/layout)  on 
the  basis  of  eating  decisions  in  the  beginning  of  period  being 
planned  (block,  aonth)  during  the  detection  of  the  considerable 
deviations  of  actual  necessity  free  the  results  of  the  forecast. 

If  in  the  stage  of  prediction  is  solved  a  question  about  that, 
shat  precisely  versions  of  the  trajectories  of  the  future  developeent 
of  deaand  are  asseatial  and  are  subject  to  calculation  (in  the  Units 
of  confidence  Units  with  the  interval  2h;  see  Pig.) ,  then  selection 
and  realization  of  the  best  trajectory  of  the  developnent  of  denand 
(in  accordance  with  the  selected  criterion  of  optiaua  character  and 
the  linitations)  can  be  realized  with  the  help  of  the  nultistage 
process  of  sating  decisions,  which  nates  it  possible  to  carry  out 
updating  prediction/forecast  taking  Into  account  to  the  current 
inforaation  about  the  deviations  in  the  beginning  of  each  period  or 
within  it  through  the  fi zed/recorded  tine  intervals. 

Assenbly,  processing  and  continuous  accuaulation  of  the  required 
inforaation,  and  also  the  solution  on  its  basis  of  the  coaplex  of  the 
tasks  of  control  of  supply  (aaong  other  things  of  tasks  of 
forecasting  of  necessity  and  periodic  correction  of  the  conprised 
plan/layout  of  supply)  cannot  be  realized  without  the  use  of 
coaaunication8  and  coaputer  the  efficiency  of  functioning  of  which 
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sharply  grows  upon  their  inclusion  into  the  outline  oC  ISO  of  the 
corresponding  levels  and  coaponents/linlcs  of  the  systee  of  Glavs nab 
of  KazSSH. 

Let  as  pass  to  the  construction  of  the  eodel  of  the  aultistage 
process  of  asking  planning  decisions  in  the  control  of  supply.  le 
consider  that  the  systee  of  supply  has  available  the  specific 
quantity  of  service  lives  in  the  fore  of  reserve  (supply)  in  order  to 
have  the  capability  at  soee  aoaents  of  tine  t,e(0,T),  1*0 ,  1,  . ...  S- 1 
to  realize  a  correction  of  the  plan/layout  of  supply,  allotting  to 
users  further  pools  in  the  decentralized  order. 

Let  us  designate  through  u-(ui,  ....it*)  the  vector  of  control; 
coaponants  ut  are  the  control  pressures  (value  of  the  i  fora  of 
resource/lifetiae,  isolated  froa  the  reserve) ,  which  ensure  the 
correction  of  the  vector  of  consuaptioa  E=(  € ...  £*),  ■  -  quantity 
of  foras  of  the  distributed  production,  k  auabec  of  conponents  of  the 
vector  of  control  can  be  less  than  *#  if  we  take  into  account  the 
interchangeability  of  soae  foras  cf  production. 

Page  134. 

Let  to  the  control  be  is  superiaposed  the  liaitation  in  the  fora 
sefl(a)L  .  »  (12) 
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Physically  this  means  that  the  supplies  cannot  be  unlieited.  The 

•Hb 

optiaoe  selection  of  boundaries  of  the  region  Q(u)  is  given  below. 


Then  trajectory  of  the  process  of  supply  (consumption  curve) 
talcing  into  account  to  the  possibility  of  updating  can  be  described 
by  certain  system  of  the  differential  equations 

(13) 

Here  . . . .  f  *),  aoreover  ft  -  in  general  nonlinear  functions 

fcoa  and  *;  •  •  • .  ^iw)  ~  vector  of  disturbances/perturbations 

whose  coaponents  ^  are  random  processes. 


For  our  purposes  to  conveniently  examine  process  at  the 
particular  aoaents  of  time  1,^.., S);  Then  the  controlled  object 

is  described  by  the  system  of  nonlinear  difference  equations  in  tha 


vector  fora 


I  rr*+i]=-m*j.  fa 

U-0.1 . 8—1. 


is  the  reference  input  we  will  examine  . {»•)  -  the 

vector  function  of  the  "f ull/total/completa"  satisfaction  of 
necessities,  i. a.,  the  function,  which  reflects  the  real  necessity  of 
joint  user.  Let  us  note  that  t  -  in  general  can  be  the  random, 

unknown  previously  vector  function  of  time.  In  this  case  £•(*)  we 
count  the  represented  in  the  fore  sum  of  two  components;  regular 
function  £*(t)  and  stationary  random  process  ~n. 
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Page  135. 

Then  as  one  of  the  possible  representations  of  the  criterion  of 
optiaua  character  can  serve  the  functional,  which  is  the  aatheaatical 
expectation  of  certain  priaary  criterion  Qt : 

f*.  u,  i  t)H  f  i*.  u,  £  rvlTjtfOiua*) 

v'  -'-•/v  rr*.  *m-.. 

*  -  - --  y 

where  Q(iJ)  -  range  of  change  in  the  vector  of 
disturbances/pertarbations 

P{r\)  -  the  probability  density  Of  randoa  vector  u; 

«(*»! 

(H  -  certain  convex  function) . 

In  the  discrete/digital  case  we  have 

Q  -  AffJltfi*]-  K k,  «(A]DI.  (16) 

Task  consists  of  the  deteraination  of  such  strategy  of  control 
with  which  phase  coordinates  (Si.  h,  and  control  pressures 

(»i . un)  would  satisfy  liaitations,  and  preset  criterion  (16) 

reached  the  ainiaua.  The  posed  above  problea  has  two  special 
fsaturas/peculiarities.  The  first  lies  in  the  fact  that  we  should 
previously  plan  the  size/diaensloa  cf  the  supplies,  utilized 
subsequently  in  the  process  of  updating  the  level  of  deaand. 
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The  second,  chief  characteristic  of  task  consists  in  the 
insufficiency  of  initial  (a  priori)  information  relative  to  soae 
parameters,  entering  the  criterion  of  optieue  character,  or  eeans  of 
probability  distribution  for  disturfcance/perturbation  ^),  If  the 
type  of  the  distribution  of  randoa  process  is  preset,  then  can  be 
unknown  the  paraaeters  of  this  distribution  (everyone  w  their  part), 
and  also  equation  of  the  controlled  object,  i.e. ,  function  ft.  Blthin 
the  franework  of  the  classical  theory  of  optieue  systees  this  task  is 
irresolvable  an!  the  way  of  its  solution  lias/rests  at  the  enlisteent 
of  adaptive  approach  [6,  1],  which  consists  in  the  sieultaneous  study 
of  object  and  the  control  of  it.  In  this  situation  the  control 
pressures  carry  dual  character,  since  they  serve  not  only  for 
studying  the  object,  but  also  for  its  reduction  to  the  required 
state. 


The  solution  of  problen  is  divided/ narked  off  into  two  basic 
stages. 


Detereination  of  liaitations  to  control  su  let  be  known  integral 
curve  adnissions  of  the  productions  of  i  fora  ♦»(*)  •  •  • .  N)  froa  the 

supplier,  which  can  be  detereined  on  the  basis  of  prediction/forecast 

or  inforeation  about  the  schedule  chart  of  the  deliveries,  worked  out 

idt 

by  supplier,  a  ft(ty  -  integral  curves  of  necessities,  calculated,  for 
exaaple,  with  the  help  of  the  nethods  of  prediction. 
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ha  a  result  of  the  incomplete  agreement  of  graphs  4»*<t)  and  ?,(/) 
in  the  tine  products  delivery  to  users  will  be  delayed  to  certain 
value 

Page  135. 

This  delay  in  the  fulfillaent  of  plan  is  equal  to 

e=  max(*f,  0),  (17) 

1  <KH 

where  «i  -  einieua  delay*  caused  by  the  absence  of  the  necessary 
output  of  the  i  fora.  If  functions  <p,.  and  <f>,  are  preset  in  analytical 
fora,  then  value  *i  is  found  [7]  from  the  equation 

?«[*(««)-««]-<!>i[*<«.)]=0.  (i=l,  2.  —  2V).  (18) 

Here  *(*,)  indicates  the  aoaentAcrgue  of  tiae  t,  with  which  function 

<P,(f—  «i)—  MO  reaches  aaziaua. 

During  the  graphic  assignaent  of  curves  ?i(0  and  MO  ainiaua 
is  easily  deterained  by  the  simple  shift/shear  of  graph  ?i(0  along 
axis  t. 

We  consider  that  the  order  of  output  does  not  vary.  In  this  case 
so  that  the  users  would  avoid  considerable  losses  F(e)  in  the  case  of 
the  delay  of  delivery  tiae,  it  is  expedient  to  have  supplies 
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according  to  each  i  fora  of  production  (i*t,  2,  . ...  V). 

Knowing  +i(t),  taking  into  account  supplies,  and  also  ?i(0  we 
deteraine  with  the  help  of  (18)  delay  in  the  fora  of 

aonotonically  decreasing  function  from  ut. 

Thus,  task  consists  in  deterainatioa  u,*>0,  of  those  ainiaizing 
the  total  losses 

IT 

Jt  =  J*Tmax  <i(uj)1  +  (19) 

|«1 

(<?i-  expeaditura  for  creation  and  storage  of  the  unit  of  output  of 
the  i  fora) . 

The  algoritha  of  the  solution  of  this  problea  Bakes  it  possible 
to  obtain  the  evaluations  of  Units  («»*}  (i"l.  2,  . .. ,  N)  of  the 
peraissible  range  of  change  in  the  control  pressures,  in  this  case 
the  error  in  the  deteraination  of  these  values  depends  on  the 

-jp 

accuracy  of  the  results  of  the  forecast  of  curve  fi-  flultistage 

process  of  asking  adaptive  type  decisions.  For  the  digital  processes 
of  fora  (14)  in  general  the  solution  of  the  task,  which  consists  in 
the  ainiaization  of  the  function  of  criterion  (16)  taking  into 

account  the  restrictions  placed  on  control  pressures  . 

2 (<— 1,  ...’,70  (20) 

*-o 

presents  considarable  difficulties. 
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Therefore  it  is  expedient  to  do  a  series/row  of  the  simplifying 
assumptions  relative  to  sodel  (14),  (16),  (20). 

Be  will  consider  that  the  structure  of  functions  U  is  known  and 
phase  coordinates  do  not  depend  on  the  wariable/alternating  for 
which  j^i  (i,  j  =  1 ,  2,  . I).  Then  relationsbip/ratio  (14)  can  be 

presented  in  the  fore 

MA+U-MM,  «,[*].  ^{AD. 

l(1=*l . N;  A-0,1 . S— 1).  (21) 

Lowering  index  i,  it  is  possible  to  register  dependence  (21) 

symbolically  in  the  fora  of  operator  P,  i.e.,  in  the  fora  of  certain 
stochastic  conversion,  which  describes  the  transition  of  systea  froa 
one  discrete/digital  state  to  another,  nanely 

*»♦!=* F($».  a*  ij.  A=0, 1 . S-l.  (22) 

Sere  C0=c  -  initial  state  of  systea,  1m  -  independent  randoa 
quantities  with  the  known  type  of  the  function  of  distribution  dG(n), 
but  with  the  unknown  paraaetecs.  For  example,  if  ace  subordinated 
to  the  noraal  law  of  distribution,  then  by  the  unknown  paraaeters 
there  can  be  tha  mathematical  expectation  a  and  dispersion  «*. 

Purtheraora,  at  each  aoaent  of  tine  k  (k=0,  1,  ...,  s- 1 )  to  us 

A 

is  known  only  evaluation  SJ  of  regular  conponent  of  process  of 


that  obtained  on  the  basis  of  prediction/forecast 
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If  we  consider  5  (t )  process  additive  and  represented  in  tha  fora 
(5),  then  at  each  step/pitch  of  saking  decision  we  have  two  unknown 
paraaeters  l°k  and  o*(f|»),  since  constant  «(-»-,  )^0  can  be 
included/connected  in  regular  coaponent  t<>(t). 

The  critnrion  of  optiaua  character  (16),  connected  with  tha 
aultistage  procsss  of  asking  decisions,  let  ns  present  in  the  fora 

i-i 

Q=*M{R,)=  (23) 

ht  the  first  step/pitch  as  the  a  priori  infornatioa  we  have  a 
distribution  dG(t>).  Basing  available  the  systematic  procedure  of  the 
aodification  of  this  a  priori  function  of  the  distribution  (for 
exaaple,  realizing  a  predict  ion /forecast  of  the  paraaeters  on  the 
basis  of  analysis  and  infornation  processing  about  the  past  and 
present),  we  can  at  the  following  step/pitch  obtain  the  new  function 
of  distribution  *.  »i»  which  depends  on  the  previous 

function  of  distribution  6,  fros  value  m>  of  that  obtained  froa  the 
observations,  froe  the  initial  state  f0*c,  new  state  h=F(e,  u,,  n,)  and 
solution  U|. 

Page  138. 


Let  fs(c,G)  -  aathenatical  expectation  Ra,  obtained  with  the 
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optimal  strategy,  initiated  in  the  state  (c,  G)  ,  then  on  the  basis  of 
the  principle  of  Bellman's  optiaua  character  obtain  the  following 
functional  equation: 

fs  (c,  G)  =  mini  f{r(e,  u,t  *;,)  4-  f a-x  (P(c.  ut.  rlt),  G^]  X 
*.  • 

<*(/(*«))  (24) 

for  all  s^2;  for  S*  1 

fx(e,  G)  ~  mia(  jr<c,  ^0{ra)l  (25) 

As  the  procedure  of  the  ncdlfication  of  a  priori  inforaatioa  it 
is  possible  to  use  other  aetheds,  for  example  known  in  the 
probability  theory  bayes'  for  an  la. 

Thus,  work  shows  the  possibility  of  using  the  adaptive  approach 
with  the  solution  of  the  problets  of  planning/gliding  and  aanageaent 
of  the  process  of  the  supply,  which  aakns  it  possible  to  be  rejected 
(in  full  or  in  part)  from  the  existing  aethods  of  plaealng/glidlng 
(deteraination  of  coapouad  necessity  via  the  assembly  of  dales  froa 
the  users)  and  of  saployee  by  instrument  for  the  consecutive 
evaluation  and  the  correction  of  the  paraaeters  of  the  development  of 
the  necessity  within  the  interval  [0,  TJ  for  the  process  of  asking 
decisions  under  conditions  of  inccaplete  inforaatioa. 


The  model  axaalned  is  solved  with  the  help  of  the  methods  of  the 
functional  equations  of  dynaaic  programming,  important  soaeot/tneque 
is  use  at  the  higher  levels  of  control  of  the  sapply  of  the  nee ns  of 
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computer  technology,  which  make  it  possible  to  accumulate  and  to 
operationally  treat  the  considerable  volumes  of  statistical 
information,  which  becomes  in  principle  irresolvable  task  during  the 
time  constraints  of  the  solution  without  the  use  by  computers  and 
ASO. 

This  material  makes  it  possible  to  plan  the  directions  of 
farther  works  in  this  region. 

Page  139. 
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one  nuaeration  sy3tea  with  th«  recurrently  detecained  weights  *. 

FOOTNOTE  1 .  Work  is  carried  out  under  I.  Ta.  Akushskiy's 
aanageaent/aanual.  ENDPOOTNOTE. 

I.  T.  Pak,  A.  D.  Kharlip. 

Despite  tha  fact  that  the  positional  net  hods  of  representation 
of  nuabers  with  the  natural  weights  of  digits  and  close  to  then 
systeas  have  a  series/row  of  obvious  advantages,  at  present  ace 
continued  the  searches  for  the  new  aethods  of  representation  of  the 
nuabers  which  would  aake  it  possible  to  achieve  one  or  the  other 
advantages  daring  the  construction  of  aachine  arithaetic. 

Xhen  selecting  of  the  bases  (weights)  of  nuaeration  systea 
arises  interesting  question.  Is  it  possible  so  to  select  base.4  in 
order  to  dacoapose  nuabers  into  the  groups  of  digits  and  during  this 
separation  during  the  addition  it  would  not  be  the  transfer  froa  the 
group  into  the  group?  Apparently,  the  possibility  of  this  separation 
is  concealed  in  the  aabiguity  of  the  representation  of  a  nuaber  in 
this  systea.  which  is  deteraining  by  the  concrete/specif ic/ actual 


J 
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properties  of  bases. 

Let  us  consider  the  nondecreasing  sequences  of  natural  nuabers 
{*<}  with  xt  =  l. 

According  to  Hoggatu  and  King  [  1  ],  the  sequence  of  positive 
integers  {xi}  is  called  full/total/co  splat  e,  if  each  natural  auabet  n 
has  a  representation  in  the  fora 

where  ci«  {0, 1},N  -  sufficiently  large. 

Hence  it  is  apparent  that  if  we  should  present  any  natural 
nuaber  n  in  the  fora  of  the  sub  of  different  aeabers  with 
coefficients  ci  of  certain  preassigned  sequence  taK  then this  is 
possible  only  if  this  sequence  is  full/total/coaplete. 

Is  known  theorem  [  2],  which  gives  necessary  and  sufficient 
because  of  completeness  of  arbitrary  sequences. 

Theoran.  Let  {*.1  be  the  non  decreasing  sequence  of  positive 


integers  with  x^l 
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Sequence  {■*<)  will  be  f all/total/co nplete  when  and  only  when  is 
satisfied  the  condition 

Xp+\  ^  1  "4” 2]i  P  2*  •  •  •  (1) 

Daring  tha  construction  of  numeration  system  with  the  artificial 
weights  the  sequence  of  weights  {*i}  necessarily  aust  satisfy  condition 
(1). 


It  should  be  noted  that  condition  (1),  guaranteeing  the 
possibility  of  using  the  sequence  for  the  representation,  yet  does 
not  guarantee  the  uniqueness  of  this  representation.  Ihe  conventional 
numeration  systeas  use  as  the  sequence  of  weights  geoeetric 
progressions  with  different  denoainators.  It  is  not  difficult  to 
ascertain  that  they  all  satisfy  condition  ( 1)  ,  which  for  thea  takes 
the  fora 

x,+i=  1+  *i»  P= 1*  2,  . . .  (2) 

The  transition  of  condition  (1)  under  condition  (2)  is  the  basis  of 
the  fact  of  the  uniqueness  of  the  representation  of  nusbers  in  the 
ordinary  binary  nuaber  system. 

In  general  with  execution  (1)  the  uniqueness  of  representation 
is  broken;  however,  questions  of  the  evaluation  of  a  nuaber  of 
representations  for  the  arbitrary  f ull/tota 1/coaplete  sequences  are 
worked  out  still  insufficiently.  There  is  only  a  series/row  of 
results  for  the  concrete/specif lc/actual  sequences,  for  exaaple  for 

J 
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the  sequences  of  Fibonacci  and  lyok  [3,  4]. 

Does  arise  question,  it  is  not  possible  to  use  the 
f ull/total/coaplete  sequences,  which  possess  the  property  of  the 
nonuniqueness  of  representation,  for  siapli float  ion  in  soee 
operations. 

In  this  article  is  done  the  atteept  to  use  nonuniqueness  of 
representation  for  the  construction  of  the  positional  nuaeration 
systee,  which  possesses  the  properties,  close  to  the  properties  of 
the  nonpositional  nuaeration  systea.  In  particular,  is  done  the 
atteapt  to  attain  the  independence  of  operation  with  the  addition 
with  the  groups  of  digits. 

In  this  direction  it  seeas  to  us  natural  to  use  as  the  sequence 
of  artificial  weights  such  full/tctal/coaplete  sequences  which  reaain 
f ull/total/coaplete  after  the  dropping  of  then  of  certain  nuaber  of 
teras.  it  is  obvious  that  such  sequences  exist,  but  not  of  any 
full/total/coaplete  sequence  it  is  possible  to  recede,  without 
breaking  its  coapleteness,  any  nunber  of  tarns.  Thus,  for  instance 
Fibonacci *s,  sequence  ceases  to  be  full/total/coaplete  after  the 
oaission  froa  it  of  two  arbitrary  eenbers  [5]. 
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Lat  us  construct  the  concrete/specific/actual 
full/total/conplete  sequence,  which  possesses  the  properties 
indicated  above: 

,  460,  273,{l87|,  115,  72.  48,Ji|j.  18,  11,  7,  g,  3,  1,  2}.  (3) 

It  is  ietereinei  froe  the  following  recurrent  re lationshi ps/ratios: 

2. 

*4»-l— *4*— !+*«■— *, 

4  It  ^  4  f, — 1  1  4a — It 

^4»+l==  Jmti  1  1,  k^4^»  l  1,  2,  .... 

Jf4i»-t*“*4n-»+*4<»-\)  . 

The  special  feature/peculiarltj  of  the  construction  of  sequence 
(3)  consists  in  the  fact  that  the  dropping  of  it  of  each  fourth  tare 
does  not  break  its  coapleteness. 

{. . . ,  733,  460,  273  □  115,  72,  43G18,  11,  7G'3, 1,  2}.  (4) 

Let  ns  nans  sequence  (4)  in  contrast  to  sequence  (3)  sequence 
with  the  "windows",  and  each  set  of  three  of  terns,  arranged/ located 
between  (k-1)  -t h  and  the  k  window  -  by  k  triad. 

Let  us  deaonstrate  the  coapleteness  of  sequence  (a).  For  this  it 
suffices  to  establish  that  for  any  tern  of  it  is  satisfied  the 
condition  (1).  Sequence  (4)  can  be  constructed  without  depending  on 
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se qua ns b  (3)  according  to  the  for  solas 

.  .  -  *v  ■$»* 

*•-2*^ t*»  (5) 

2U- 3*44. 

Proa  foraulaa  (5)  it  is  possibls  to  obtain  the  following 
relationships/ratios: 


Page  143. 


*n+i  * 

2**+l 

»,_ia»  T“  1. 


Thus,  condition  (1)  is  satisfied  for  all  eleaents/cells  of  sequence 

<*)  . 


Sequences  (3)  and  (4)  subsequently  are  used  by  us  as  the  bases 
of  binary  nuaber  systea. 

Under  the  range  of  the  representation  of  nuabers  in  this  systea, 
as  usual,  we  will  understand  a  quantity  of  different  nuabers  which 
can  be  represented  in  this  systea.  Thus,  if  we  take  as  the  artificial 
weights  for  the  representation  of  nuabers  n  of  the  aeabers  of 
sequence  (3) ,  then  range  will  be  equal  to  the  sub  of  these  n  of 
teras.  This  sua  will  be  that  quantity  of  different  nuabers  which  we 
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can  present  in  the  preset  range, 
the  weights  of  sequence  (4),  the 
nuabers  is  reduced  by  the  sue  of 


l 

It  is  logical  that  during  the  use  as 
range  of  the  representation  of 
eeabers  with  the  nuabers  4 n. 


The  representation  of  nuabers  in  nuaeration  systea  with  weights 
(3)  we  will  call  surplus  representation,  and  in  nuaeration  systea 
with  weights  (4)  -  noraalized. 

Let  us  consider  the  operation  of  addition.  The  addition  of  any 
two  nuabers,  which  hawe  the  noraalized  representation,  can  be  led 
with  the  help  of  the  given  tables  of  triad  addition. 


Table  1  is  used  for  adding  the  nuabers,  represented  in  the  range 
of  the  first  triad.  Table  2  gives  the  results  of  adding  those  nuabers 
which  are  already  represented  in  the  range  of  the  first  and  second 
triads  (the  first  triad  consisting  of  zero)  ,  and  also  with  the  help 
of  any  n  of  the  triads,  the  first  n- 1  of  which  consist  of  zero. 


1 
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101  111 

1100 
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1100 
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1101 

no  *■ 

101 

m 

mo 
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1101 
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noo 

mo 

1101 

1111 

11000 

mo 

nn 

uooo 

11010 
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Froa  the  tables  it  is  evident  that  the  results  of  addition  are 
obtained  in  excess  representation.  Therefore  the  operation  of 
addition  oust  be  realized  into  two  stages.  Through  the  table  ee  at 
first  find  sun  In  surplus  representation,  then  we  translate  it  into 
the  noraalized  representation  by  norealization. 


Example.  To  sue  numbers  150  and  64. 


115  72  48  |29|  18  11  7  (§8  1  2 

10  0 

110  111 

0  0  1 

100  100 

1  0  1  n 

[[  1  0  0  ||  1  0  1 

110 

101  001 

IICU  CXCTCMH 


-150 


rJlbT&T  B  H36fcITOqHOM 
npeACTBBJieHHH 


ishom  npexcTti 


Key:  (1).  the  bases  of  systea.  (2).  result  in  surplus  representation. 
(3).  result  in  noraalized  representation. 
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k  procsss  of  aoraalization  can  ba  carried  oat  with  tha  help  of 
the  series/row  of  the  further  formulas: 

*4«+l  =  *4l»+*4»— 1  ■)■•*«»— 1)  . 

•—1 

2*4«+J=*4«+l+  2*4»+*~4; 

J-l 

2*4*-l==*4»-l+*4»-l+*4«-4. 

2*4^-f="*sX4«-l  +*«■— «+X4»-*i 
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001 

010 

100 

101 

no 

in 

001 

lool 

100 

101 

mi 

in 

nooi 

010 

100 

"1010 

1100 

100 

101 

110 

111 

liool 

1100 

KB 

101 

ml 

m 

1101 

mil 

110 

m 

1010 

1100 

1101 

1110 

nn 

111 

nooi 

1100 

moi 

mii 

nil 

nooo 
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It  is  possible  to  propose  another  method  of  normalization  which 
easily  is  realized  on  the  computers. 

He  find  all  representations  of  zero  in  the  ternary  system  in  the 
preset  s-band  the  use  as  the  bases  of  sequence  (3),  and  as  the 
bases/bases  (  1,  0,  -1  }.  Among  them  always  will  be  located  such 
representations,  which  during  the  addition  with  surplus 
representation  of  a  number  give  its  normalized  re present a ton. 
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One  model  of  compression,  realized  on  the  computers  of  the  type  M-20, 


I.  T.  Pale,  V.  V.  Satsuk. 


In  the  previously  published  work  *  was  examined  a  question  about 
the  compression  of  the  numerical  information,  organized  by  its 
storage  in  the  form  of  label  on  the  positional  ruler. 


FOOTNOTE  *.  I.  Ya.  Akusbskiy,  1.  T.  Pak.  To  a  question  of  the 
organization  of  storage  devices/eguipnent  TsVN  on  the  principle  of 
the  compression  of  information.  "Bulletin  of  AS  of  KazSSR,  series 
physico-mathematical",  1971,  No  5.  ENDPOOTNOTE. 


Using  this  idea  based  on  the  example  of  the  multiplication  of 
matricas/dies  54x54,  constructed  ircd9l  the  compressions  of 
information  for  the  realization  or  computers  of  the  type  M-20.  with 
the  ordinary  mathod  only  for  storing  the  initial  and  resulting 
information  it  is  necessary  tc  expend  3x54^  =  8748  b)+  information 
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words,  which  exceeds  the  possibility  of  the  working  storage  cf 
computers  of  the  type  M-20. 

as  the  basis  of  model  are  assumed  the  procedures,  named  by  us 
the  "scale"  and  the  "search"  whose  block  diagrams  are  given  in 
figures  1  and  2.  Procedures  "scale"  and  "search"  ensure  the 
dispatching  of  numbers  to  the  positional  ruler,  sample  of  it  and 
readdressing  in  the  address  part  cf  the  program  after  each  change  the 
numbers  of  label  on  the  positional  ruler. 

Description  of  algorithm,  let  us  isolate  for  organizing  the 
"position  storage"  of  h  45-bit  information  words.  Since  we  will  use 
with  positive  and  negative  numbers,  then  numbers  of  initial  and 
resulting  information  must  satisfy  the  condition 

where  c-1,2,3,...  ,8748  -  total  guantity  of  numbers,  which  are 
brought  in  to  the  positional  ruler. 

Page  147. 

Entering  the  positional  ruler  number  x*  is  designated  k  and  p; 
k  indicates  the  number  of  instruction,  and  p  -  address,  in  which  will 
be  preserved  the  number  cf  number  The  variable/alternat  irg  i 

(Pig.  2),  passing  value  from  -1/2  (45^h)  to  M/2  (4  5jfh),  it 
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determines  the  number  of  Dumber  depending  on  the  values  o: 

values,  previously  come  position  ruler,  after  this  occurs  the 
full/total/complete  or  partial  renumbering  of  the  prevto  s  values. 


The  restoration/reduction  cf  number  x»  occurs  as  follows.  Being 
converted  to  the  procedurf  "search"  (Pig.  1),  we  are  given  index  f, 
which  indicates  the  number  of  instruction,  and  the  index  y,  which 
indicates  the  number  of  address. 
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<yr>1 — ;^>i — <y> 

ia(w3,tt»,77iyj|  |  <M(035,f[tf,7W,al  1  | 

<M(0Q,77M.iJn  «U(0»,77H,2^)  K0A(0a,CSJ,i 


1  KQA  (0M,im,77Hi) 

|  <rtU(OM,KO,77M,2)  1  | 

7750.1.2) 

X0Jl(0li,77SI,l^)  |  | 

. 

i<aa(  oc 

ii.  j,  »,*)  1  ! 

; 

■S9S8S53I 

| 

Koa(ooi,»,*,z) 

Pig.  1.  Block  diagraa  of  procedure  "search  (f,  y,  81)", 


Key:  (1 ) .  on. 
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Then  we  form/shape  number  z,  which  is  determining  the  number  of 
nuaber  and  on  the  positional  ruler  we  from  left  to  right  seek  z-y 
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bits,  not  equal  to  zero.  Value  is  defined  as  the  sum  of  zero  and 

single  digits. 

The  multiplication  cf  matrices/dies  occurs  as  follows.  Each  line 
of  initial  matrix/die  eleientwise  with  the  help  of  the  procedure 
"scale"  is  placed  in  the  position  ruler.  After  tnis  with  the  help  of 
the  procedure  "search"  is, conducted  the  sample  of  equivalent 
components  of  matrices/dies  fcr  the  formation  of  the  elements/cnlls 
of  the  resulting  matrix/die. 
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on.  (5).  unit  of  converting  number  s  ""  into  constant  and  dispatching 
of  this  constant  in  appropriate  address  "r". 

Page  149. 

The  formed  line  of  the  resulting  matrix/die  with  the  help  of  the 
procedure  '•scale"  is  placed  in  the  position  ruler. 

Ml  elements/cells  of  three  matrices/die s  can  be  given  out  to 
the  printing  with  the  help  of  the  procedure  "search"  and  are  used  for 
further  operations. 

In  the  model  as  the  digit  of  position  storage  is  used 
full/total/complete  information  word.  In  spite  of  this,  for  the 
realization  of  algorithm  were  required  only  3100  information  words. 
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SIMULATION  OF  THE  RELIABILITY  OF  THE  ELEMENTS  OF  EXCHANGE  SYSTEMS  BY 
INFORMATION  ON  TSVM. 

I.  G.  Pil  'shchikova. 

During  the  simulation  of  the  processes  of  the  functioning  of 
exchange  systems  by  data  considerable  effect  on  the  results  proves  to 
be  the  account  of  the  interaction  of  environment  and,  in  particular, 
reliability  of  the  functioning  of  the  elements  of  system.  He  have 
examined  the  series/row  of  the  imitation  models  of  elements/cells, 
which  are  restored  in  the  interval  of  simulation,  and  the 
communication  networks  as  a  whole,  which  can  serve  as  background  for 
the  reproduction  of  transuittings  of  information  taking  into  account 
different  methods  of  increasing  the  correctness. 

Model  1  reflects  the  steady  functioning  of  the  one-way  channel 
of  communications  without  the  redundancy.  It  considers  the  flews  of 
failures  and  restoratiocs/reducticns  of  channel,  and  also  the 
intervals  of  its  entrance  into  the  synchronism  after  failures.  In  the 
given  in  figure  1  graph/ccunt  of  transitions  the  apexes/vertexes 
correspond  to  the  states  of  the  c  cnnrunication  channel:  apex/vertex  1 


-  to  state  of  raadiness  fcr  the  transmission  cf  information, 
apex/vertex  2  -  to  state  of  the  failure  of  the  communication  channel 
and  apex/vertex  3  -  to  state  cf  pulling  into  step  of  the 
restored/reducei  communication  channel,  and  edges/fins  -  to  allowed 
transitions  X,  p  and  9  are  the  indices  of  failures, 

restorations/reductions  and  connection  respectively  and  characterize 
the  reasons  for  transition  of  ore  state  to  another. 
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The  algorithm  of  the  work  cf  model  is  represented  on  figure  2. 

It  is  based  on  the  imitation  of  three  parallel  processes:  the 
production/consuaption/generation  of  the  aoaents/torques  of  failures 
2,  restorations/reducticns  3  and  termination  of  pulling  into  step  4. 
The  enumerated  units  are  organized  as  random- number  generators, 
distributed  according  to  the  appropriate  laws.  Tuner  1  defines 
concretely  the  parameters  of  the  ccimunicatioc  channel  which  must  be- 
imitated. 

Since  the  states  of  restcr at  ion/reduction  and  pulling  into  step 
are  nonoperativa  for  the  channel,  occurs  fixation  of  the  time 
intervals  of  these  states  and  is  counted  the  coefficient  of  the  lack 
of  preparation  (employment)  of  the  channel  of  communication  (unit  5) . 
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The  work  of  model  is  limited  to  the  assigned  time  of  simulation 
*»«•»  analysis  of  which  is  produced  ty  unit  6. 


The  interpretation  cf  model  in  the  language  of  SLANG-systam  ;f 


given  below. 


Rut*  (Set  petepta  ft) 

BEGIN 

INTEGER  TKOH,  T.  T1 ; 

REAL  LI,  L 2,  L3;  FACILITY  KAHAJI; 

INPUT  (TKOH,  LI,  L2,  L3); 

PROCESS  OTKA3;  BEGIN  T :  =  EXPONENT  (1/Ll); 

OUTPUT  (LI.  L2,  L3,  TKOH); 

NEW  OTKA3  TO  Nl;  WAIT  TKOH;  STOP; 

Nl;  =  WAIT  T ;  NEW  BOCCT  TO  M  1 ;  END ;  ££ 

PROCESS  BOCCT;  BEGIN  CANCEL;  Ml:  SEIZE  KAHAJT; 

WAIT  EXPONENT  (1/L2);  RELEASE  KAHAJI;  ® 

new  noflKjnro  pL  end: 

PROCESS  nOflKJIJJiEGIN  CANCEL;  PI;  Ti=* EXPONENT  (1/Ll); 
T1  :=  EXPONENT  (1/L3);  SEIZE  KAHAJI;  /5>S 
WAIT  IP  T>T1  THEN  T1  ELSE  T;  ' 

RELEASE  KAHAJI  A) 

IP  T>T1  THEN  NEW  QTKA3  TO  Nl 
ELSE  NEW  BOCCT  TO  MU  END  END 


Key:  (1).  Channal  without  the  reserve.  (2).  channel.  (3).  switch-on, 


(4)  .  failure. 


Model  2  imitates  the  steady  functioning  cf  the  routing,  which 
contains  to  three  channels  with  floating  redundancy:  by  2/1,  1/1  and 
1  channel  without  the  reserve.  It  is  the  more  general-purpose 
modification  of  tha  model,  examined  earlier  [3]. 


Model  reproduces  the  independent  flows  of  failures  and 
restorations/reductions  of  the  coemunica tion  channels,  and  also  the 
intervals  of  connection  and  pulling  into  step  with  the 
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development/detection  of  nonoperative  intervals  and  probability  of 
the  lack  cf  preparation  of  each  of  the  communication  channels. 

The  graph/count  of  transitiors  with  one  channel  without  the 
reserve  is  analogous  given  above  in  the  examination  of  model  1.  In 
the  case  cf  the  simulaticn  of  direction  with  the  version  of 
redundancy  1/1  graphs/ccunts  cf  transitions  take  the  form, 
represented  in  figure  3. 

Page  152. 


In  this  graph/count  the  apex/vertex  00  corresponds  to  the  state 
of  the  failure  of  two  communication  channels,  40  -  to  state  when  the 
first  channel  entars  into  synchronism,  the  second  -  in  the  failure, 

10  -  the  first  channel  conducts  the  transmission  of  information,  the 
second  in  the  state  of  failure,  12  -  tha  first  channel  conducts 
transmission,  and  the  second  is  in  the  state  cf  readiness,  42  -  the 
first  channel  enters  into  the  synchronism,  the  second  in  the  state  cf 
readiness,  04  -  first  channel  in  the  failure,  the  second  enter  into 
synchronism,  01  -  first  channel  in  the  state  cf  failure,  and  on  th? 
second  is  conducted  the  transmission  cf  information,  21  -  first 
channel  in  the  state  of  readiness,  the  second  conducts  transmission, 
24  -  first  channel  in  the  state  of  the  readiness,  the  second  enter 
into  synchronism. 


The  behavior  of  routing  with  redundancy  2/1  is  described  by  the 
graph/count  of  states  with  31  apex/vertax  even  i20  by  edges/fias.  Tc 
avoid  the  interpretation  cf  the  nuafcer  of  each  of  the  a  pe  xes/var  tex^s 
and  reproductions  of  transitions  in  the  graph/count  to  each  state 
(apex/vertex)  are  set  in  the  ccrfcrsity  three  octal  digits,  each  of 
thea  (froa  left  to  right)  positicral  designates  the  following:  the 
first  -  what  channels  are  located  on  the  stage  of  pulling  into  step; 
the  second  -  what  coaaunicaticn  channels  they  are  found  in  the 
readiness:  the  third  -  what  coaaunication  channels  conduct  the 
transaission  of  inforaaticn. 

Daring  their  recording  in  the  binary  code  in  each  of  high-orders 
digit  relates  to  the  channel  cf  communication  no  1,  the  following  - 
to  the  channel  of  coaaunication  No  2,  low-order  -  to  the  channel  cf 
coaaunication  No  3,  For  example,  state  431  aeans  that  (first  digit  - 
100)  the  channel  of  coaaunicaticn  No  1  enters  into  synchronise, 
furthernore  (second  digit  -Oil),  the  channels  of  comaunication  No  2 
and  No  3  are  found  in  the  readiness,  but  (third  digit  -  001) 
transaission  is  conducted  according  to  channel  No  3. 
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The  graphic  representation  of  all  possible  transitions  in  this 
case  is  hindered/hampered;  therefore  they  are  represented  by  table. 

0 

The  block  diagraa  of  the  operation  algorithm  of  model  is 
represented  in  figure  4. 

After  the  setup  of  model  for  preset  parameters  1  and  the 
assignment  of  the  version  of  redundancy  2  is  organized  the  parallel, 
imitation  of  the  functioning  of  each  of  three  channels  of 
communication  (4.6.8).  The  work  cf  each  of  the  models  of  the 
communication  channel  is  analogous  to  the  work  of  model  1. 

Per  the  version  of  reserve  1/1  and  1  to  unusable  communication 
channels  is  written/recorded  the  "employment"  to  the  none nt/t cr .jus  of 
the  termination  of  simulation.  Eowever,  in  the  case  cf  redundancy  2/1 
work  all  three  channels. 

The  analysis  of  the  need  fer  the  connection  of  the  spare 


communication  channels  makes  it  possible  to  carry  out  a  replacement 
of  the  channel,  out-of-erder,  by  finished  spare  channel  with  the 
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delay  to  the 
interval  and 
pulling  into 


period  of  connection  (unit  9).  This  time  is  none p*r at:  ve 
together  with  the  intervals  of  restoration/reductior.  ar.i 
stsp  is  fi xed/recorced  in  appropriate  counters  (3.5.7). 


The  work  of  model  is  finished  at  the  moment  of  time  • 
provided  by  assignment  (unit  10). 


The  interpretation  cf  progra®  in  the  language  of  SLANG-syste®  is 
represented  below. 


HanpaBJimae  <***an  (  0 
(a*  6am  rpax  uiuoi) 

BEGIN 

INTEGER  Al.  PE3,  A.  B,  C,  K1.K2.  KM.K,  T1  [K],  T2  [K],  T*  - 
REAL  LI  [K],  L2  JK],  L3  [K] ;  r  . 

FACILITY  KAELAJlSk] ;  STATISTIC  RAHAJI ;  flj 
INPUT  (Al.  FE8.  K.  LI.  L3,  U); 

PROCESS  OTKA31 ; 

Key:  (1).  Routing  (not  icre  than  three  channels).  (2).  channel. 
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SB?Ua31  TO  FI;  WAIT  Al;  STOP; 

FI: 

Kl:  =  l;  K2:=2;  K3:=3; 

NEW  OTKA31  TO  SUs 
TO  Nil; 

SEIZE  KAHAJI  [K3] ;  WAIT  Al ; 

S2:  T1  [K31:=A1;  C:=l;  B:=0; 

- i-  Ml2;  NEW  0TKA31  TO  Nil; 

;  WAIT  Al ; 

_ _  [K2];  GOTO  Mil; 

S3: 

NEW  OTKA31  TO  M5; 

NEW  OTKA31  TO  P5; 

Tl  YkLiV=  EXPONENT  (1.1  [Kl]);  (j) 

N*  WAIT  T1  [Kl];  A:— 0;  SEIZE  KAHAJI  [Kl] ; 

Ni-  T2  [Kl]  :=  EXPONENT  (L2  [Kl]);  WAIT  T2  [Kl]; 

IF  B  CON  C  THEN  WAIT  UNTIL  (NO  B)  DIS  (NO  C); 

T1[K1]  :  =  EXPONENT  (L1[K1]); 

N2:  T3fKll :  =  EXPONENT  (L3[K1]);  ,  ,  , 

WAIT  IF  T1[K1]  >T3[K1]  THEN  T3[K1]  ELSE  T1[K1] ; 

IF  T1[K1]>T3[K1]  THEN  GOTftN3  ELSE  GOTO  Nl; 

N3-  A-  =1;  RELEASE  KAHAjCfKl] ;  GOTO  N; 

N4-  WAIT  UNTIL  (NO  B)  DIS  (NO  C):  T1[K1]  :=  EXPONENT  (L1[K1]); 
WAIT  IF  T1(K1]>T1[K2]  THEI  T1[K2)  EXSE 
IF  TlfKll  >T1  [K3j  THEN  T1[K3]  ELSE  T1(K1 
IF  T1IK1]  >T1[K2]  THEN  GOTO  N2  ELSE  IF  T1[K1]  >  T1  [K3] 

THEN  GOTO  N2  ELSE  GOTO  Nl; 

M5:  B:  =1 ; 

T1[K2]  :  =  EXPONENT  (LI [K2]); 

M:  WAIT  T1[K2];  B:=0;  SEIZE  KAHAJI  [K2] ; 

Ml:  T2 [K2] :  =  EXPONENT  (L2 [K2] ) ;  WAIT  T2[K2]; 

Mil  • 

IF  A  CON  C  THEN  WAIT  UNTIL  (NO  A)  DIS  (NO  C); 

T1  [K2]  :=  EXPONENT  (LI  [K2] ) ; 

M2:  T3[K2] :  =  EXPONENT  (L3[K2]); 

WAIT  IF  T1[K2]>T3[K2]  THEN  T3[K2]  ELSE  TI[K2] ; 

IF  T1  fK2]  >T8[K2]  THEN  GOTO  M8  ELSE  GOTO  Ml ; 

•M3-  B:=»l;  RELEASE  KAHAJW{K2j ;  GOTO  M; 

M4-  WATT  DNTIL  (NO  A)  DIS  (NO  C);  T1[K2] :  =  EXPONL  <T  (L1[K2}); 
WAIT  IF  T1[K2]  >T1[K1]  THEN JlJKl]  EIHE 
nr  T1(K21>T1[K31  THEN  T1[K8]  ELSE  T1[K2] ; 
nr  T1[K2]  >T1[K1  j  THEN  GOTO  M2  ELSE  IF  TI  [K2]  >T1  [K3] 

THEN  GOTO  M2  ELSE  GOTfKMl ; 

P5 :  C:  =0;  SEIZE  KAHAJWfK3] ;  GOTO  P4; 

T1[K3]:=  EXPONENT  (L1[K3]); 

SEIZE  KAHAJI  [K8] ;  GOTO  PC; 

P:  C:  =0;  SEIZE  KAHAJU(K3J ;  _ 

PI:  T2 [K3] : — EXPONENT  (L2[K8]);  WAIT  T2[K3]; 

IF  B  CON  A  THEN  WAIT  UNTIL  (NO  B)DIS  (NO  A); 

T1[K8] :  —EXPONENT  (LI  [Ml); 

WAIT* Iffil gSgEj  THEN  T8  (K8)  ELSE  Tl  [X3]; 

R  5 ka4®«1  ;  GOTO  Pi 

P4:WAIT  UNTIL  (NO  A)  DIS  (NO  B);  Tl [K3] :  =  EXPONENT  (LI  [K3]) 
PC:  WAIT  IF  T1[K3]>T1[K21  THEN  Tl[K2l  ELSE 


K3]  >T1  [Kll  THEN  T1[K1]  ELSET1[K3]; 
K3J  >T1  K2J  THEN  GOTO  P2  ELSE 
K3] >T1  [Kl]  THEN  GOTO  P2 


IF  Tl 
IF  Tl 
IF  Tl 

ELSE  GOTO  PI  END  END 

<Lh«i4\r\eL. 
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Model  3  is  constructed  on  the  basis  of  the  general- pur  posa  oicd  = 
of  the  redundancy  of  communications.  it  tracks  the  steady  functionin 
of  the  communication  network  cf  arbitrary  configuration  in  the 
assigned  time  interval  of  simulation  from  to  fJEJ  and  puts  out 

the  probability  of  the  absence  cf  the  readiness  of  the  communication 
channels.  The  model  the  block  diagram  of  algorithm  of  which  is  giver, 
in  figure  5,  begins  to  work  from  unit  1.  This  unit,  analyzing  preset 
structure,  capacities  and  the  versions  of  the  organization  of  the 
redundancy  of  connections  from  a  number  of  these  solved  (1,  1/1  or 
2/1),  and  also  the  parameters  of  channels,  organizes  working  files 
and  adjusts  units  2  and  3.  Channel  statistics  in  all  directions  is 
fixed/recorded  with  units  4,  6,  8.  Onit  11  establishes/installs  th? 
■oment/torgue  of  the  termination  cf  simulation. 

Model,  it  is  analogous  with  twe  firsts,  it  is  written  in  the 
language  of  SLANG-system. 
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Cm  N 


X  Ul; 


BEGIN 

INTEGER  TKOH.  K,  A1,D,F,  Fl  *&>].' 

T»[K.  F],T4{*  #),»«,  •  - 

REAL  A2, LI  [K,  FI.  L2JK,  FJ.  L3[K,  F],  L4[K,  F],  L5[K,  F] 

L6 [K,  F],  L7[K,  F],  L8[K,  FJ,  L9[K,  F]; 

BOOLEAN  A[K,  F],  B[K,  FJ.  C[K,  F] ; 

FACILITY  KAH1[K,  FJ,  KAH2[K,  F],  KAH3[K,  F] ; 

INPUT  (TKOH,  K,  F.  HA H,  PE3,  A2,  LI,  12,  L3,  L4,  LS,  L6,  L7,  L8,  L9); 
PROCESS  CHAN(K1.  FI);  INTEGER  Kl,  FI; 

BEGIN 

NEW  CHAN  (KI,  FI)  TO  F3;  WAIT  TKOH;  STOP; 

FS: 

SI:  Kl:— Kl+1;  IF  Kl  =  K-fl  THEN  BEGIN  Al:— 1;  GOTO  S6; 

END;  FI :  =  1 ;  D:— PE3fKlj;  Sll:  GOTO  (S2,  S3,  34),  D; 

S2:  F2:  =HAH[K1] ;  B[K1,  FI]  .-FALSE;  CfKI,  FI]:— TRUE; 

NEW  CHAN  (Kl.  FI)  TO  S22;  SEIZE  KAH2[K1,  FI] ; 

WAIT  TKOH;  CANCEL; 

S22:NEW  CHAN  (Kl,  FI)  TO  Nil;  NEW  CHAN  (Kl,  FI)  TO  S5; 

SEIZE  KAH3[K1,  FI] ;  WAIT  TKOH;  CANCEL; 

S3:  F2 :  =  HAH  [Kl]  /2 ;  BfKl,  FF] :  =  FALSE ;  C[K1,  FI] :  -TPUE; 

NEW  CHAN  (Kl,  FI)  TO  Mil; 

NEW  CHAN  (Kl,  FI)  TO  Nil;  HEN  CHAN  (Kl,  FI)  TO  S5; 

SEIZE  KAH3[K1,  FI]  ;  WAIT  TKOH;  CANCEL; 

S4:F2:=HAn[Kl]/3;  BfKl,  F1]:=TRUE; 

CfKI,  FI]:  =FALSE;  GOTO  S6; 

38:  IF  F1  =  F2  THEN  GOTO  SI  ELSE  F1:=F1+1;  GOTO  Sll; 

S«:  NEW  CHAN  (Kl.  FI)  TO  MS; 

NEW  CHAN  (Kl,  FI)  TO  P5; 

NEW  CHAN  (Kl,  FI)  TO  Nil; 

IF  A1=0  THEN  NEW  CHAN  (Kl,  FI)  TO  S5;  WAIT  TKOH; 

Nil: 

A[K1,  F1]:=TRUE;  T1[K1,  FI] : -EXPONENT  (U[K1,  FI]); 

N:  WAIT  T1  [Kl,  FI]; 

AfKl,  FI] :  —FALSE;  SEIZE  KAHlfKl,  FI]  ; 

WAIT  EXPONENT  (L2[K1,  FI]); 

IF  BfKl.  FI]  CON  CfKI,  Fl]  THEN  WAIT  UNTIL 
(NO  BfKl.  FI])  D»(NO  CfKI,  FI]); 

^TlLKl,  Fll:— EXPONENT  (LlfKl.  Fll); 

'TBfta,  F1J :  —EXPONENT  (LSfKl.  FI]); 

JEFTlfKl,  FI]  IX  TtfKI,  FI]  THEN  GOTO  N 
S»«E-WAITWflQ,4hi; 

'AfKl,  Fll:— TfcT  S:  RELEASE  KAHlfKl,  FI] ;  GOTO  N; 

*M8:  T4[K1,  FI]  !  —EXPONENT  (L4[K1,  FI]); 

'Nt^WAIT  T4fKI.  Fl];  BfKl,  FI] : -FALSE; 

-fitt:  SEIZE  KAmfia,  FI] ;  IF  Al  — 1  THEN  WAIT  EXPONENT 
.SLAfKl,  FI]); 

All:T4fKl,  FI] EXPONENT  (L4[K1,  FI]); 

WI^SSKWENT  (LB flU,  FI]); 


;  BfKl.  Fl]: -FALSE; 
L,  FI];  IF  Al  — 1  THEN 


WAIT  EXPONENT 


Afxi 


CON  CfKI,  FI}  VBKN  i 
I)  DIS  (NO  CfKI,  FI]); 


'PS:  SEIZE  KAHSfKl,  Fij  5 
$F:  WAIT  T7[K1,  T1J;  CK: 
•SEIZE  KAHSfKl,  FU;  WJ 
fU:  * 

-  IF  AfKl,  FI]  CON  Ci 
1  (NO  AfKl,  FI]).  DIS  | 


FAIT  UNTIL 

GOTO  M 
—TRUE; 


—FALSE; 

PONENT  (LSfKl,  FI]); 


IF  AfKl,  FI]  CON  CfKI,  Fll  THEN  WATT  UNTIL 
(NO  AfKl,  Fl]).DISjyo  BfKl,  Fl]h 
TTfKl,  nj;  -EXPONENT  (LVfKl,  Fll); 

WIKI.  Illi-UaFSaCENT  1«I£L  n]);  _ 

IF  T7[K1,  FI]  EL  T9  [Kl,  FI]  THEN  GOTO  P 
ELSE  WAIT  T9  [Kl,  FI] ;  CfKI,  FI] :  -TRUE; 
RELEASE  KAH3[K1,  FI] ;  GOTO  P;  END  END 
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#3 

Key:  (1).  Network/grid  N  cf  directions  with  R  channels  in  each 
(redundancy  1,  1/1,  2/1). 
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The  models  examined  were  used  in  the  composite  model  of  the 
network/grid  of  the  exchange  cf  information  fcr  the  study  cf  the 
versions  of  the  construction  cf  the  network/grid  of  the  computer 
centers  of  Kazakh  SSR  (RSVTs  cf  KazSSR),  and  also  as  independent  fc 
the  preliminary  updating  cf  the  capacities  of  communicaticns  cf  the 
network/grid  indicated. 
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ANALYSIS  OP  THE  FLEXIBILITY  OF  INFCEMATION- COMPUTING  SYSTEMS  WITH  THE 
USE/*#MPWWM0«  OF  AN  AFFABATUS  OF  THEOBY  OF  GRAPHS. 

I.  G.  Pil'shchikova ,  A.  Kb.  Khaybullina,  M.  N.  Sharipova. 

During  the  development  of  information-computing  systems  (IVS)  is 
of  interest  the  comparison  of  the  diverse  variants  of  the  structures 
of  network/grid.  This  comparison  can  be  carried  out  according  tc  the 
function  of  flexibility  by  understanding  under  the  latter  the 
probability  of  the  existence  at  least  of  one  path  without  the  loops 
for  any  two  points  of  network/grid  i,  j  at  the  preset  values  of  ths 
probability  of  the  existence  (readiness  for  the  work  at  the  given 
■oment/torque)  of  the  channels  cf  ccmmunicaticn  of  network/grii  P ij, 
directly  connecting  assemblies  i,  j.  In  this  case  each  version  of 
network/grid  will  be  characterized  by  the  square  matrix/die  of 
flexibility  H  by  size/dimension  n,  where  n  -  number  of  assemblies, 
and  htf—  matrix  elements,  which  give  the  valuos  of  the  unknown 
indices. 

A  question  of  the  determination  of  the  flexibility  of  structures 
no  longer  is  new.  Por  the  solution  of  analogous  problems  was  used  th® 
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apparatus  of  the  systems  cf  mass  maintenance/ ser vicing.  However,  for 
the  case  of  the  evaluation  of  the  structure  of  the  natvork/grii  of 
the  computer  centers  the  apparatus  indicated  is  not  suitable  in  view 
of  multi- linearity  and  multip hasic  nature  of  the  object  in  question. 

The  evaluation  cf  the  flexibility  of  structures  with  the  ass  cf 
logical  functions  requires  the  compositions  of  the  ideal  normal 
disjunctive  form  with  the  subsequent  minimization  before  obtaining  cf 
the  simplest  disjunctive  rormal  expression.  Further  transition  from 
the  logical  functions  to  the  events  makes  it  possible  to  determine 
the  probability  of  the  unknown  event  by  the  methods  of  the 
probability  theory. 

Latter/last  method  can  give  accurate  result,  for  the  systems, 
which  have  only  consecutive  or  parallel  connections,  and  in  such  a 
case,  when  one  and  the  sane  circuit  can  be  connected  with  more  than 
one  path  (for  example,  bridge  circuit),  are  necessary  further 
conversions  for  the  purpose  of  obtaining  at  least  approximate 
estimates  for  the  objective  function. 

Page  160. 


Discussion  deals  with  the  representation  of  system  with  the 
complicated  connection  cf  ele  tte  rt  s/cells  with  the  help  of  the  systems 
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only  with  consecutive  and  parallel  connections  [3],  For  our  cas>  ucs*. 
acceptable  is  the  computational  method,  based  oa  the  theorem  about 
the  full/total/complete  disintegration  of  network/grid,  which  is  the 
generalization  of  Shanncr-doore  theorem  [2]. 

On  the  basis  of  this  theorem  hij  it  is  obtained  as  the  element 
function  of  the  network/grid: 

ht/LP^PJt . . .  Pmk+PiP». . .  Pm-l  (1-P.&+. . .  + 

-Hl-PtXl-.Pj). . .  (1 

Structure  of  ITS  we  represent  by  graph/ccunt  G  (v,u) ,  where  v  - 
■any  apexes/vertexes  with  a  pcwer  cf  n,  u  -  many  edges/fins  with  a 
power  of  m.  Graph/count  G  allcws/assumes  parallel  edges /fins,  but 
loops  it  excludes  as  not  having  sense  for  exchange  system  by 
information.  The  edges/fins  cf  graph/count  (connection)  are 
characterized  by  the  readiness  factors  of  channels;  therefore  graphs 
G  can  be  considered  as  probabilistic  three-dimensional/space  (in 
general)  graph/count  with  weight  functions  of  edges/fins.  The 
topology  of  network/grid  is  preset  analytically  in  the  form  of 
■atrix/die  of  contiguity  H  assemblies  -  assemblies,  weighed  according 
to  a  number  cf  channels. 

Hatrix  element  |  k,  if  i  and  j  are  connected  with  k-  channels 
0,  if  assemblies  i  and  j  are  not  connected. 
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Algorithm  of  the  formation  cf  the  unknown  matrix/die  H 

following. 

1.  on  matrix/die  H  we  construct  skeleton  matrix/die  n*  of 
graph/count,  we  simultaneously  produce  contraction  of  parallel 
edges/fins. 

• 

2.  For  purpose  of  decrease  of  dimension  cf  network/grid  we 
realize  equivalent  conversions:  a)  exception/elimination  cf 
irredundant  edges/fins;  fc)  to  roll  of  consecutive  edges/fins  with 
simultaneous  contraction  cf  parallel  ones,  which  appear  as  a  result 
of  consecutive  convolution. 

3.  If  dimension  of  network/grid  is  great,  then  its  further 
conversion  is  produced  either  by  method  of  growth  or  by  method  cf 

cut. 

4.  If  dimension  of  network/grid  is  small,  then  calculation  of 
flexibility  :  occurs  according  tc  expansion  theorem  with  subse  ju^n 
return  to  initial  network/grid. 

Some  transformations  of  matrix/die  H  and  calculation  of 
flexibility  ht}  are  produced  by  another  form,  than  in  work  [4],  that 
economizes  the  computer  memory. 
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1.  during  calculation  hi}  it  is  examined  subgraphs  from 

elements/cells  with  prctatility  Pt.  If  it  is  connected,  then 
expression  ^  ^  (this  means  that  the  extended  e lements/cel Is 

have  a  probability  P,)  it  enters  composed  in  hl},  i.e.  function  5=1. 
Furthermore,  the  algorithm  of  program  is  limited  to  the  examination 
of  the  existence  of  the  paths,  which  encompass  not  mere  than  two 
extended  elements/cells,  i.e.,  the  calculation  of  flexibility  is 
performed  with  an  accuracy  tc  tfccusanths. 

2.  Roll  of  consecutive  edges/fins  it  is  carried  out  as  fellows: 
if  apex/vertex  i  is  directly  connected  only  with  two  apexes/vertexas 
of  graph/count  k,  1,  then  it  is  excluded,  and  probability  -P*/  is 
computed  as 

i*w= 1  -(1  -PWX1  -P*iP„). 

File  is  the  list  not  only  of  the  excluded,  but  also  boundary 
apexes/vertexes  (in  our  example  this  k  and  if:  if  0  [s]  =i,  then  0 
[s*1  ]  =k,  0  [s*2]  =(,  which  facilitates  calculations  with  the  raset  to 
the  initial  network/grid. 

Algorithm  made  it  possible  tc  produce  the  calculation  of 


& 
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flexibility  hu  for  IVS,  which  consists  of  17  apexss/vertf.xas. 
Program  is  comprised  in  the  language  ALGOL-60.  Scope  of  the  program 
of  the  calculation  of  2536  nuclei.  Program  allows,  without  bringing 
about  a  change,  to  produce  calculation  for  the  structure  of  ivs, 
which  contains  from  40  to  160  a pexes/vertexes  depending  on  the 
special  features/peculiarities  cf  the  structures  in  question. 
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TABULAR  METHOD  OF  CALCULATING  THE  ELEMENTARY  FUNCTIONS  IN 
MON POSITIONAL  NU AERATION  SYSTEflS. 

V.  S.  Sedov. 

Essence  of  algorithm.  The  tabular  method  of  calculating  the 
elementary  functions  in  question  is  based  on  the  following  property 
cf  comparisons. 

For  any  polynomial 

P.(x)=c«+c1s +«•**+. . .  +  '•*’ 

with  whole  coefficients  from  the  integral  argument  x  and 

for  any  the  whole  It  occurs  the  comparison 

P.(x+*j7)2aP,(*)  (mod  p)  (1) 

with  any  basis/base  p. 

In  the  nonpositional  numeration  system  number  x  is  represented 
in  the  form  of  tbs  set  of  deductions  on  bases/bases  Jh. P.  of 
operating  range  P,  therefore,  if  the  values  of  polynomial  P,(x) 
lie/rest  in  the  range  P,  polynomial  P ,<*)  can  be  presented  in  the 
form  of  the  set  of  the  tables  cf  conformity  (recodings)  between  th? 


deductions  of  argument  x  and  the  deductions  of  the  values  of 
polynomial  p.(x)  on  each  basis/base  separately. 


Number  x:0^x^1  in  the  mode/ccnditio ns  of  fixed  point  is 
represented  in  the  form 


(2) 


where  -X'sM*  A*#  designates  the  full/total/complete  set  of  th 
least  non-negative  residue  on  modulus/module  F)  . 


Always  it  is  possible  to  unambiguous ly  present  number  x  in 
following  fora: 


ft  r»  *x’ 


(3) 


where  P,»P2=P, 


Page  163. 

If  x  -  soae  fixed  value  of  the  argument  of  function  f  (x) ,  then, 
writing/recording  x  in  the  form  (3),  we  will  obtain 

/(*)=  f[§f + £  •  £)=fx.m.  (4) 

Considering  value  of  X2  as  certain  parameter,  which  defines  the 
number  of  function  fx,(Xi),  and  x  ,  -  as  the  argument  of  function 
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fz,(X\),  it  is  necessary  to  each  value  of  argument  x  cf  function  f(x) 
to  set  in  the  conformity  function  fz,(X i)  and  value  of  argument  Xt.  The 
value  of  parameter  X2,  which  is  determining  the  number  of  function, 
and  argument  Xt  easily  they  are  computed: 


XAU 

(5) 

(6) 

Thus,  the  range  of  change  cf  argument  x  of  function  f  (x)  is 
divided/marked  off  into  F2  intervals,  moreover  the  number  of  interval 
is  equal  to  X2.  In  each  interval  with  number  X2  function  f(x)  is 
approximated  by  function  Yx,CXt). 


Taking  into  account  the  property,  iescrited  above,  by  tha  bast, 
from  the  point  of  view  cf  the  ncn pcsitio nal  numeration  system,  is  the 
representation  of  functicr  approximating  elementary  function 

f  (x)  in  the  interval  with  number  X2,  and  in  the  form 


y.^KXi) 

p5  ’ 


(7) 


where  Q  -  certain  further  range,  which  consists  of  the  pair-wis« 
mutually  simple  between  themselves  and  with  tha  bases/basss  of 
operating  range  P  bases/tases  qf  (/»!,  2,  m);  -  tha 

polynomial  of  tha  n  order  with  whole  coefficients  c«<,*)  from  tha 
integral  argument  x,: 


T 
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Be  will  seek  this  polynomial  cf  term  (8)  with  the  whole  cco f  f  ic:  ^r.1, s , 
which  would  satisfy  the  following  two  conditions: 

where  preset  error; 

2)  0<P,(X,)(X1)<  PQ.  (10) 

Let  us  rewrite  formula  (7)  in  this  form: 

2a»tz,)*-y»**  (ii) 

k~0 

whera  a4,x»>—  rational  coefficients  with  th3  preset  denominator  ?Q, 

Let  us  expand  function  f  (x)  in  the  interval  with  number  X2  at 
point  X2/P  in  the  power  series  according  to  degrees  cf  x,  and,  being 
limited  n*1  to  term  of  expansion,  let  us  register: 

n 

(12) 

P,  k~0 

where  ajk<x,)  _  some  real  coefficients.  Transition  from  the 
disintegration  with  real  coefficients  (12)  to  the  disintegration  with 
the  rational  coefficients  with  the  preset  denominator  ?Q  (11)  ,  cr, 
which  is  the  same,  the  determination  cf  whole  coefficients  ck<J,)  of 
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polynomial  (8)  can  be  realized  cc  the  following  diagram:  if 

(<•> 

TO 

c4«.)  =  [«,<*•>.  |3]+lt 

(0<A<b-1), 

(*  =  [«.<*•>.  l 

‘  (13) 

&  l  »  a* 

TO 

*»*»*—  f  «*<*•*  - 

(0<A<«— 1), 

[vw.~]+i. 

Key:  (1).  then.  (2)  .  if. 
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In  this  case  the  error  6,  which  appears  upon  transfer  fron  the 
disintegration  with  the  real  coefficients  for  disintegration  with  the 
rational  coefficients  with  the  preset  denominator  PQ,  which  let  us 
naae  an  error  in  the  integral  apprciiaation,  can  be  considered  on  top 


according  to  the  foreala 


(P.-1)* 


Genera  1/coe non  /total  error  appearing  during  the. 

calculation  of  eleaentary  functions  in  the  nonpositicnal  numeration 
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system  by  tabulae  method,  consists  of  three  forms  of  errors. 

1.  Error  in  approximation  appears  during  replacement  of 

elementary  function  f  (x)  exponential  next  to  finite  number  of  terms. 

2.  Error  in  integral  approximation  6  was  introduced  above. 

Let  us  designate  through  error  in  integral  approximation 

for  interval  with  number  Then 

•  » 

ij,  =*  mix  -X, X,*|. 

where  as  6  it  is  necessary  to  take  maximum  error  from  set 
{6x.}.  (0<X,<P|): 

8— max  {8*} 


or 

8  -mw«»axl2«;**>-  X,‘-  2 Xt* |.  (16) 

X«  Ii  M  M 

Revealing  formula  (15),  we  will  obtain 

*  -max  max  +  (*,<x*>*  ®  - 

-«»<*>)  -Xi  +  (  «,<*•>  •  -  a.«x*>)  -Xt*+  (16) 

3.  Bounding  off  error  ccnnectad  with  transition  from  range 


PQ  to  operating  range  P 
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Since  all  three  forms  of  errors  are  independent  variables,  than 

^o«m=”A»+*+Ao*».  (17) 

Let  us  consider  an  error  in  the  integral  approximation  5.  Let  us 
introduce  the  designaticns 

«,<*•>-  { •  fli).  (18> 

(19) 

Then  it  is  possible  to  register 

a ax,),  **  e  (20) 

V 

where  r4<x*»=*6 #<x,»__Cfc(x,i  __  certain  integers. 

Let  us  now  rewrite  formula  (16)  in  the  following  fora: 

A—  53  max  max  |2(3»lZ*,  +  rj(x*0  •  X/  j.  (21) 

19  *=• 

Selecting  values  r*(X,)  in  such  a  way  that  6  would  take  the  minimum 
value,  we  will  obtain  best  expansion  fx,(Z iV 


*? 

t 
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It  is  not  difficult  to  obtain  the  algorithm  of  the  deter  minat*  cr. 
of  optimum  values  rJx»K  tut  in  view  of  the  unwieldiness  of 
calculations  we  will  not  it  examine.  One  should  only  note  that  an 
error  in  the  integral  approximation  in  this  case  in  comparison  with 
the  algorithm  of  the  calculations  of  coefficients  in  diagram 

(13)  in  the  case  of  first-order  polynomials  will  be  less  2  times,  ar.i 
in  the  case  of  the  polynomial  of  the  second  order  -  8  times. 

Example  of  the  expansion  of  functions  sin  t  and  cos  t. 
Disintegration  is  produced  on  the  Chebyshev  polynomials,  we  have 

m 

sin  lx  —  2^-iy/^  (WW*).  (22) 

HP  m 

COB  kx  =  Uk)  +  2%-iy  /„(*)  Tu{x).  (28) 

where  .I4fr— '  Bessel  function  of  the  first  order  i-th  of  order;  T|(*)  — 
Chebyshev  polynomials  i-tb  order. 

Page  167. 

In  formulas  (22)  and  (23)  let  us  replace  the 
variable/alternating: 

where 

0<r<l. 


Then 


] 


>i 

-t 


¥ 

'4 

*■*  ] 

i 
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sin  kx  =sin2Af-cos  *— cos2ftt*sin  k— 

m 

«22(-iy/»i+i(*)rwo = u(t). 

1.0 

cos  ftx=cos  2kt  -cos  k—  sin  2kt  *8in  k=I£k)+ 

m 

1-1 


(24) 


(25) 


where  T»*(*) —  displaced  Chebyshev  pclynoaials  i-th  order. 

Let  as  register  equations  (2  4)  and  (25)  in  the  fora  of  system  of 
equations: 

eon  Jk-sin  2JW— sin  ft-coa  2*t  -«(*),  1  ^ 

sin  tain  2tt+cos  taos  2kt-v(t).  1 

Solving  this  system  relative  to  sin  2kt  and  cos  2kt,  we  will 
obtain: 


••  •  "  •  m 

,sin2*t=sin  #/|(*)#  2(“  VO]  + 


,  -  •  /*  *(  «.  w 

.  *  '*  **  % .  •  .  «r 

;  r.  Hp  *.<**■  *  „  * 

.*u  • 

*  epa2W  r  com  *[***)+*  - 

J.X  t  -  •  .  •  s _ • 


(27) 


<29 


*‘2§~1)t/|1+l(*)’r*“+t(0 

(0<K1). 


Page  168. 


Let  the  arguaent  be  changed  in  the  interval  [0,  h],  where  h  - 


i 
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an;  positive  nuaber.  Then  taking  into  account  the  specific  character 
of  the  representation  of  nuabers  in  the  aode/conditions  of  the  fixed 
point  of  function  it  is  necessary  to  present  in  the  fora 

tin  ht,  cos  ht. 


where 

t-  4* 


After  producing  the  necessary  transf oraa tions,  we  will  cbtain: 


sin  *•£- sin  *Uk)+  2%-1YIv(WzM]+ 

(29) 

+  cos,.22(-iy.J  u+idt)  • 

ImO 


where 


ee 

cos  A.i=cosa(/d(*)+2 

i-i 


-sin*  •  2 

i-s 


(30) 


t 


Li  siting  these  expansions  by  a  finite  nuaber  of  aeabers  and  by 
substituting  the  value  the  displaced  Chebyshev  polynoaials,  it  is 
possible  on  described  akcve  algcritha  to  switch  over  to 
disintegration  with  the  rational  coefficients  with  the  preset 
denoainator  PQ. 
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It  is  possible  to  consider  the  necessary  value  of  the  further 
range  Q.  Let  in  expansions  (29)  acd  (30)  we  be  bounded  by  the  first 
aenbers  taking  into  account  the  remainder.  Counting  that  an  error  ir. 
the  nuaerical  approximation  is  determined  from  the  formula 

where  g^.1#  and  by  accepting  A®«»— "p  ,  Ha  vixi  obtain 


where  e— *».*  —  preset  error  in  the  calculations. 


Page  169. 


Algorithm  of  the  tabular  method  of  calculating  the  elementary 
functions  in  nonpositional  system  of  numeration.  The  cede  of  argument, 
in  the  reaainders/residues  is  fed  in  parallel: 

X-r-{ait  at.  •  •  • .  a,). 

1.  Is  deterained  number  of  interval  X2  and  value  of  argument  x,. 
The  value  of  arguaent  Zt  is  deter  lined  on  the  bases/bases  of 
operating  range  P  and  further  range  Q. 


2.  By  number  of  interval  Z2  is  deterained  nuaber  of  table 


(recoding) 
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3.  On  deductions  of  number  Xt  in  the  range  PQ  is  determined 
value  of  eleaentary  function  f  (x)  of  table  with  number  X2. 

4.  Value  of  eleaentary  function,  obtained  in  the  range  PQ,  it  i 
reduced  (if  this  necessarily)  tc  range  P.  on  this  the  calculations 
are  finished. 
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RESEARCH  OF  WEIGHT  CHARACTERISTICS  IN  NONPOSITIONAL  SYSTEMS. 


R.  7.  Filippova. 


Page  17  0. 


Let  as  consider  the  veakly-pcsitional  systea  n  of  the 
bases/bases: 

i  Pi“x~5it  ft**-*^,  •  •  •  *  Fi***- 

Integer  N  is  represented  in  this  system  in  the  fora  of  the  polynomial 

.  .+<h*+no 

and  in  the  fora  of  the  set  of  reaainders/residues  froa  division  of 
N (x)  on  pdix\  (k=1#  2f  . ...  n) 

1  N“(ii»  Ti» ....  TiX 

Ik  -  remainder  /residue  froa  division  of  N(x)  on  pfe). 

Ti-J^kX  *X 

In  article  [2]  was  introduced  the  iaportant  integral 
characteristic  of  nuaber  l 

» 

wdo-2**** 

kmt 

called  weight. 

Lat  ns  trace  a  change  in  this  characteristic  with  an  increase  in 
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l  the  number.  It  suffices  tc  consider  its  change  for  numbers  in  the 

range  froa  0  to  since  in  following  half  cf  range,  frca  tc 

p-1,  the  weight  of  a  nunber  is  uniquely  deterained  by  the  weight  cf  a 

.  nnaber  of  first  half  of  range. 

9-_ 

K  ' 
r  "V 

?  ^ 

i  Page  17 1. 


b  ; 

i  * 


t 


r  ■  f 
r.  t 

i  , 

i 


Theorea.  The  weight  cf  nuafcer  h'=p-1-n  in  the  system  of  the 
bases/bases 

Pi—x— |i,  p3—x—la>  •  •  •  *  P»~x 

is  equal  to  a  difference  in  number  D  and  weight  of  number  n. 

|  mN^  -D—  WlN). 

Proof.  Ruaber  N  can  be  represented  by  the  set  of 
reaainders/residues  from  the  division  of  polynomial  N  (x)  on  pj(i) 

(ks  ^  »  2,  ••  •  i  n); 

|  N*(Y1)  Yfc  •  •  •  *T»). 

After  selecting  the  polynomial  of  zero  degree  N(x)sN,  we  will 
obtain  the  set  of  reaainders/residues  (R,  R,  ...,  R)  •  Hence 

For  the  number 


N's=*P — 1 — N 


I 


.  #+i  |1.  N +1=3^0  modp* 

“  10,  icas  tf+1-0  mod  p* 
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Let  as  deter  alas  the  depends  ace  between  *4.  |~J. 

1)  tf+1-0  modp*.  [^]-[-^]+l,  0. 

2)  KT+Wmod  p*.  [^v]  =  [yj.  E?k+1=  1. 

<  *  *  r 

Express  LM{*n  through 

X-.m— 

Let  as  substitute  the  obtained  expression  for  L*(AO  into  the  formula 
of  the  determination  of  weight  B(H'): 


Page  172. 


-  '2-^  -  2 » 


Si  nee 

i  ■ 

2  xkLk=w(ir),  p2t = -0- 

but 

f  A.  “ 

*— i 

then 

[WiN^D— W{N). 

Consequently,  it  suffices  to  study  th9  behavior  of  weight  w  (N) 
for  numbers  of  first  half  of  range. 


DOC  =  81024109 

If  number  N  has  minimum  weight,  then  number  P-1-N  will  havfi  a 
weight,  aaxiaua  among  the  weights  cf  numbers  from  0  to  P-1.  If 
■inB=-«,  then  the  weight,  aaxiaua  in  this  systeo,  is  equal  to 

maxW=D«-a. 

Deteraination  of  value  D  in  a  c-pcint  weakly- positional  system. 

Let  us  consider  an  n-point  weakly-positional  system  of  the 
bases/bases: 

.  *  ,  J»*(*)*-*— U  ....  PhW—x—I,.  (1) 

Let  us  determine  the  valaes  of  derivatives  at  the  nodes:  £i*  £i»  • . • » 
is  is  known,  numbers  in  this  system  can  be  represented  unambiguously 

i  ■ 

in  the  range  from  0  to  P(x),  where  n (x— &). 

M 

Derivative  on  x  of  P  (x)  is  equal  to 

*'<*)- 2  n(*-«A  *  (& 

<  .  . 

Substituting  in  this  foraula  we  will  obtain 

^0*)“  n  (8) 

•  /«i 

Page  173. 


D  (predicted  upper  bcrdet  of  a  change  in  weight  u  of  number 
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2V=*C?i,  . . 7„))is  defined  as  least  common  multiple  of  the  values  of 

derivative  of  P(x)  at  nodes  Si.  !*•••• 

D=H.  0.  K.  {P' (?*)}. 

II 

Let  us  designate  through  C  quotient  of  the  division  ^ 

into  D. 


kj 


Then  d  is  registered  in  the  fore 


or 


ij-i 

*</ 


(4) 


D— 


1 

i 

i . . . 

i 

^2 

^ . 

V 

£a— 1 

Value  D  can  be  represented  as  the  value  of  Vandermondes • s 
determinant. 


Hith  increase  in  n  -  nueber  of  bases/bases  in  system  (1)  - 
increase  the  values  of  derivatives  at  the  nodes,  and  also  rapidly 
increases  a  number  of  cofactors  in  product  (2),  of  mutually  simple 
with  the  values  derivatives  at  other  nodes.  Therefore  with  an 
increase  in  the  number  of  bases/bases  D  it  becomes  considerably  mcr 
Let  us  consider  change  D  with  an  increase  of  the  number  of 
bases/bases  in  the  system. 
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Determination  of  number  D  in  symmetrical  weakly-positional  ones 
(2u*l)-  point  systems. 

Hill  consider  systees  with  the  odd  number  of  bases/bases.  Lot 
(n+1)  node  S„+i=0,  and  all  ethers  be  arranged/located  symmetrically 
relative  to  it: 

— fci,  — Sji . . . .  — 0. •  •  •  t  _ 

Let  us  determine  the  value  cf  the  derivative  P(x)  on  x  at  node 
where  k/n»1: 

2*-f  1  II 

n  (5,-^)  =  2S**n  {!»*-  (5) 

i- 1  i-i 

/*»  . 

page  17  4. 


Let  us  now  determine  value  by  the  derivative  P  (x)  to  x  at  node 


*■+1  a 

;n  (-«*-  -  ***n(V-  (ft 

/**»♦*-*  J+k 


The  right  sides  of  equations  (5)  and  (6)  coincide;  therefore 

W-P'C-e*). 

Let  us  determine  the  value  of  derivative  at  pcint  *=5,,+1=— 0. 

^(0)=  (IT  5/)(  -l)"=  ( -1 )"  n 5  * 

i-i  /-i s 

If  x  -  even  number,  then  everything  \t  -  odd  numbers.  If  x  - 
odd  number,  everything  V 


even  numbers 
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Let  as  consider  based  on  particular  examples  increase  in  D  with 
growth  (2n+l)  -  number  of  bases/bases, 

1)  »-l,2n+l-3; 

Pi=x—a,  ps=x,  pi=x+a; 

D=2a2; 

2)  n—2,b>a>0; 

— b,  pj-=x— o,  ps“X,  pt—x+a,  ps=x+bl 

P(x) -(*-&)  <*-*)  (x+a)  (x+b)x. 

P'W^W-e*), 

P'(a)-2flV-h*),  i,— *•. 

P/(0)*=oV.j  X»-2(b*-«*). 

D—2a1b3ib1 — a*)  ops  yernmn,  iro 

W-e*(Li +L»)— »HI»+t4)+ 2(fr*— 

Key:  (1).  when. 


Smallest  possible  values  a  and  b  for  the  systems  of  this  form 
following:  a=1,  b=3. 

2-9(»— 1)-144. 

Coefficients  are  equal  to: 


Page  173. 


Tne  value  of  weight  in  the  given  system  is  computed  from  the  formula 

W**L\ — 9£>2+16£i — 9L«+Lj. 


W 
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Let  us  determine  D  fcr  the  system  in  which  a=2,  b=4: 

P'H)- 2*16(16— 4) =2T-3,  X,=l, 
iy(2)=2-4(4— 16)=>— 25-3,  X2  =  — 4, 

?/(0)=4-16-2»J  Xs=6, 

D=3-27=384, 

W — L  i — 4Ii2+6I<3 — 4L4+L5. 

It  is  obvious#  for  the  unsymietrical  five-point  systems  of  value 
D  they  will  be  above  144. 

3)  n-3,  tf>b>fl>0,  (0,  3)»1,  (0,  c)=l,  ( b ,  e)-l; 

P\=x — c,  pi=x — 6,  p3=x— a,  P4*=x,  ps-x+a,  p6=*+h, 

pr-x+c; 

P(x)— (x — c)  (x — b)  <x — a)x  <x+a)  (x+6)  (x+c); 

P'ic) = 2c2(c2—  b2)  (c*— 0*)  X, = a2b2(b2 — a2) 

P'(b)=2b2(b2—e2)  (b2 — a1)  X»-  —  c*e2(c»— «2) 

P'(a)=2aJ(a2— c2)  (flJ— h2)  Xj-Wc1— 32) 

P'tO)— eWjx«-  — 2(c* — b2)  (c2 — al)(t* — e1). 

D»2eW(e*— **)  (e»-e»)<6»-«J). 

The  system  of  mutually  simple  bases/bases  can  be  constructed  at 
the  following  values  of  a#  b#  c: 

c-8,  3-4,  a- 2. 

P'(c)-2-2**(64— 16)  (64— 4)=2IS-3»-5  X|-l 
P'ib) — 2*24>(16 — 64)  (16— 4)  =  — 2"-3*  Xj=— 20 
P'(e)=2-2*-(4— 64)  (4—  16)=2»-3J  Xs=80 

P'(O)-  — 24-24-2*-— 2'2  X,=— 90, 

O— 2"*3,'5  —  368  640. 

let  us  consider  the  symmetrical  seven-point  weakly- positional 
system  in  which  a= 1 ,  b=  3,  c=9. 


Page  176 
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P'(tf)  =  2-34-(34  — 3*)  (34 — l)  =  2*-3*-5  *,  =  1 

P'(b) = 2-3,-(3J — 34)  (3* — 1)* — 2T-34  X2=-90 

P/(o)-2-(l— 34)(l-3*)-2*-5  *.=729 

P'(0)=34-3*  *4- -1280, 

0-2*-3*-S— -1280-729. 

Thus,  saall  D  is  the  systea  cf  seven  bases/bases 

0-388  640, 

min  Oi  — 2,  min  Oj  — 144,  min  Or =368  640. 

Deter aination  of  value  D  in  ayaaetrical  2n  point  weakly* positional 
systems. 

Let  us  consider  the  systeas  cf  four  bases/bases,  systems  of  th 
fora:  Pa*x-b,  p2  =  x-a,  p3»x*a,  p«»x*b.  Nuaber  x  number  a  and  b  of 
different  parity. 

P(x)-(x-d)  (x + b)  <x — o)  (x+e), 

,  P'{b)=2b(b2—a*)  |  X.-a 

P'(«)-2o(o*-6*)  )  la- -6, 

D=2ab(b*—m*),  &)m  (a,  6)-l. 

Saallest  odd  values  b  and  a:  b* 3,  a*1. 

D— 2-8(9 — 1)— 48. 

Saallest  possible  even  values  b  and  a:  b*4r  a*2. 

P'(h)- 2-4(4*— 2*)- 96  )  *,  =  1 
P^e)— 2-2(2* — 4*) — — 48  I  *,—2, 

0=8-12-96. 

Let  us  consider  the  unsyaaet tical  systea  of  the  form: 
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Pi-*— a,  pt=x,  p»=x+o,  p*=x+b,  . 

i^x)  -  (*— a)x(x + a)  (x + 6), 

P'(fl)  -  2o*(«  +  6)  Ui- -*-<&- <0 

P'fl) = —  a*fr  1,= 

P'C— o)-2a*(h— a)  >(•+»> 

m - (b+a)b(b-a)  X4-«*. 

Page  17,. 

Muabers  a*b  and  b-a  -  a  van,  therefore,  p'(a),  P*  (-a)  and  P*  (-b) 
ara  aultipla  4. 

O-s*  *(*•—#•). 

Kith  a*1  0  in  the  systaa  of  this  fora  ara  2  tiaes  lass  than  D  in 
tha  systaa,  axaainad  aarllar. 

In  this  casa  tha  svallast  possible  values  b  and  a:  b=3,  a*l. 

D- 3(0-1) -24. 

In  tha  systaa  of  four  bases/bases  ainiaua  value  D  is  equal  to 

mis  0,-24. 

1st  us  consider  tha  systaa  of  six  basas/basas. 

Systeas  of  the  fora: 
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Pi-*— b,  pi-x—a,  pt**x,  p«=x+a,  ps-x+b,  p*=x+c. 

P(x)**(x— 6)(x — o)x(x+a)  (x+6)  (x+c). 

P'(6)-(b*— e*)2h*(h+c) 

P'CaJ-Ca*—  6*)2ri(a+e) 

P(0)=a,btc 

P'(—o)~2a*(a'—b*H—e+c) 

P(— 6)-2*4(6»— ««)  (— 6+c) 

P't— c)-(e*— fr»)  (e*— e*)e 

numbers  a,  b,  c  of  identical  .parity.  Consequently,  difference 

and  sue  of  any  two  values  a,  t  and  c  are  even.  Hence  it  is  possible 

to  note  the  following:  P*(b),  p»(a),  P»  (-a)  ,  p»  (-b)  and  P*(-c)  are 


nultiple  24. 

Page  178. 


Therefore  D  east  be  nultiple  24. 


The  seallest  values  a,  b,  c  with  which  it  is  possible  to 
construct  the  systen  of  autually  siaple  bases/bases,  are  equal  to: 
a*1,  b*3,  c=5.  Value  D  in  this  case  is  equal  to: 


i  * 


Systeas  of  the  fora: 


84  560. 


Pl-X— S,  Pi-X—b,  p»— X - C,  p4  =  X  +  C,  Pfmmx  +  b,  p% 

P(x)-(x— a)<x+a)  (x — b)  (x  +  6)  (x— c)  (x+c), 

P'(c)-2c(ca-6*)(c2^ es) 

F'W- 2*5*— c2)  <**—«*) 

P  («)  »■  2e(e*— c*)  (a* — h*) 


*+e. 


Since  each  of  the  given  here  derivatives  is  nultiple  2s,  then 
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value  D  is  equal  to 

~  i  3  • 

with  a*2,  b=4,  c=6  can  be  constructed  the  system  cf  nutually 

siaple  bases/bases*  Let  us  determine  0  in  the  given  systes. 

P'(c)- 2-6(36— 16)  (38— 4) 

^(b)-  2-4(16— 36)  (16—4) 

P'la) — 2-2(4 — 36)  (4 — 16) 

Q- 2-6(86— 16)  (36— 4)-7680. 

Is  obvious,  this  value  saall  atong  values  D  in  the  systeas  of 
six  bases. 

min  D*«7680. 

Ibove  were  exaeined  systeas  3,  4,  5,  6,  7  bases/bases  and  the 
snail est  values  D  for  thes. 

min  Dj*  2,  min  D«— 24,  min  D»=  144,  min  D«=7680, 
min  07-968  640. 

With  further  increase  in  the  nuaber  of  bases/bases  D,  it  is 
doubtless,  it  will  increase  acre  rapidly.  Even  in  systens  6,  7 
bases/bases  of  operation  cn  aodulcs/ nodule  D  during  the  deter aination 
of  weight  w  will  be  carried  out  above  13-19  binary  bits. 

Page  179. 

Therefore  the  use/application  of  the  systeas  in  which  a  nuaber  of 
bases/bases  is  aore  than  five,  is  inexpedient. 
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Weakly- positional  systems,  which  dc  net  contain  numbers  with  th> 
negative  weight. 

1.  Let  us  try  to  find  such  weakly-positicnal  systems  in  which 
weight  of  numbsrs  varies  froa  0  tc  C. 

In  the  syaaetrical  feur-point  systeas 

Pi-*— h,  pi-*— a,  pi-*+«,  p«=*+&  ( b>a ) 

the  foraula  ■,<£  weight  accepts  the  fera 

W — aLi — bLt+bLt — aL*. 

If  we  for  nuaber  N  select  Folynoaial  H(x)  of  zero  degree,  then 
entire  ittf-l,2,3,4)  will  be  equal  tc  H. 

Yi.  7*.  7*.  N.  W. 

hence 

Let  us  substitute  values  !•»  into  the  foraula  of  the  weight 

Smallest  aaong  the  numbers,  which  have  negative  weight,  is 
nuaber  M,  equal  to  the  second  basis/base.  For  this  nuaber  value  of 
weight  is  equal 


since 
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Let  us  determine  values  of  x  at  which  H>0, 

?[S- ]-»*»• 


Page  180. 


*-»  « ’ 

*<6+o. 


Basis/base  p1  =  x-b>3,  hence  x>b+3,  therefore,  a>3.  with  a>3  ar.d 
with  x{b+a  it  is  possible  to  construct  the  systea  of  four  bases/bases 
in  which  W*[0,Di 

Kith  a<3  th8  weight  of  a  nueter  takes  negative  values.  Fcr 
exaaple,  in  systea  pt=x-3,  p**x-1,  P3=x*1,  pv=x*3  with  any  xw  takes 
negative  values.  Let  x=8,  then  Fi=5,  p*=7,  p,=9,  p4=11  fora  the 
systea,  the  weight  of  nuabers  in  which  is  changed  froa  -2  to  50 
(0*48)  •  An  exaaple  of  the  systea,  which  does  not  have  the  negative 
values  of  weight,  is  systea  p,*3,  pz=5,  p3=11,  p*=13;  the  range  of  a 
change  in  the  values  of  weight  free  0  to  D=48  0. 


Proa  this  exaaple  it  follows  that  in  the  systeas,  which  do  not 
have  the  negative  values  of  weight,  value  D  is  considerably  greater 
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than  in  the  systems  with  the  negative  values  cf  weight. 

Value  D  is  deterained  fro*  the  foraula 

'  D**2ab{&—a*), 

but  the  range  of  a  change  in  the  numbers  of  the  given  system 

P(*)=(*»— a*)  (**— b*). 

System  does  not  have  the  negative  values  of  weight,  if  x{a+b; 
therefore 

P^ab(b+2a)  (a+2b\ 

D-2ab(b* — a*). 

In  this  case  of  P>D,  but  not  more  than  in  (1+  7-7)  the  time,  i.e., 

D  is  close  in  their  value  to  P. 

2.  Sill  consider  now  five-sharpened  systems  in  which  W>0.  In  the 
symmetrical  five-sharpened/five-turned  weakly -positional  systems  of 
base  they  are  equal  to: 

jPi-x—  b,  pi~x—a,  pi—x^pi* x+o,  pi=x+b  (b>a). 

The  weight  of  a  number  in  this  system  is  deterained  from  the  formula 

W=-a*Li— 6*L»+2(bs— a*)L,— 

The  weight  of  number  N,  represented  by  the  zero  polynomial 
R(x)*N,  is  equal  to 

+*[*]•  , 
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Saall  from  the  auabers,  which  have  negative  weight,  number 
S=x-a.  Let  us  deteraine  the  weight  cf  this  nuaber: 

Let  us  find  that  values  of  x,  at  which  V  is  positive. 

x—a  i* 

x—a>£(x  —  b), 

.  m 
Since  pt-x-b  aore  or  is  egual  tc  3,  then 

jx>b+3.  (8). 

Being  congruent/equating  the  right  sides  of  expressions  (7)  and 


(8) ,  we  will  obtain 


i  •+* 


Let  us  consider  the  value  cf  the  range  of  this  system. 

*x)-(**-a*X**-h*)x. 


Since 


that 


P<[(o  +h),+7^r-  2ab-a*l(a+b?^. 
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+»-,&]  =  [*■+  -jr£r][.’+  5^r]  X 

*  [«  +  ‘  ~g, r ]  “ «v t1  +  +w]  x 

X  [a  +b-  -J~]<  2aW-  a1)  -  D. 

since 

.  1  I1  + I1  +  7sSf]<2(&  “  a) 

and 

a+b~~£ r<*+a- 

Page  182. 

Thus,  we  obtained  that  P<D.  Bence  it  follows  that  the 
nse/application  of  the  weakly-positional  five-point  balanced  systems 
in  which  the  weight  is  changed  only  from  0  to  D,  is  inexpedient.  It 
is  obvious,  with  a  larger  number  cf  bases/bases  value  D  will  be  much 
■ore  than  the  range  in  question. 

Relationships/ratios  between  the  weights  of  systems  and  subsystems. 

Let  us  consider  the  system  of  the  bases/bases 

Pi-*— '5w  Pi**— {fc  ■  i f»~*— 

Range  of  a  change  of  the  nuabers  in  this  systen  from  0  to  P(x).  whar 
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Let  us  register  formula  fcr  determining  of  D: 

0=H.  O.  K.  n  (5*-5t)(ft=l,  2 . »)}, 

i— i 
irk 


D=±h  (?,-£,). 

e  t<j 


u-i 


Re  will  obtain  expression  fcr  coefficients  when  L»  in  the 

formula  of  the  weight 

:  rdd* 


\k  — 


(-1) 


*— 1 


n  &  -tj)  (*-i.  2, 

t<i 

u-i 

urk 


n). 
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Let  us  substitute  expression  for  >.k  into  the  formula  of  the  weight 

w  =  n  (9) 

IJ-l-  IJrk 

The  weight  of  a  number  of  the  subsystem  cf  bases/bases,  which 
consists  of  pi,P». •  •  •  will  be  determined  according  to  the  formula 

-i *n  («,-«,).  (io) 

i<! 

IJ-1:  (.;»•  * 

Let  us  now  register  the  fcrmula  of  the  determination  of  the  weight  c 
a  number  in  the  subsystem  of  base  s/bases  Pz.Ps.*  • 

>m . -  xr-*2(-i)%  n  &-*,).  (id 

U-*iU+k 

Coefficient  with  Lt  to  fcrmula  (9)  is  represented  in  the  form  c 


^14. 
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the  product: 


-7  n  <h 
5  *<i 

u-» 


•»-[- 


n1  &-«,)]• 

t< ) 

u-* 


ri.». 


-  nfr-u 


Expression  in  the  brackets  -  coefficient  with  Lt  in  formula  (10). 


Let  us  now  register  coefficient  whan  Lk  in  formula  (9)  in  the 
fpra  of  the  linaar  combination  cf  coefficients  when  Lk  in  formulas 


(10)  and  (11): 


-f  n  n'  (S,-!,)],n(5,-!.)- 

i.J-Ul.J+k  I.Jmi:  tj+k  l+k 

-t[  K  (E‘“ 

w  KJ  *  Ut 

I ij+k  t*» 

-t[  n1 

•  •</  J 

U-1;  i.J+h  t+k 


—  n  ($,  —  ij)  =\-~ — 

IJ-U  l,]+k 


B-l  1 

n  (E«  -  (j)  x 

KJ  ‘  J 

<J-l:  1,  •<» 

-  n  (^-5y)]x 

<<■/  J 
I./** 


'w. 


-n^i-  ^). 
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Expression  in  the  brackets  in  first  term  -  coefficient  when  Lk  ir. 
formula  (10) ,  the  secondly  term  -  coefficient  when  Lk  in  formula 
(11) . 
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Ve  convert  coefficient  when  I*,  in  formula  (9)  to  this  form: 

-K?>  -v-bdbris  (!--yHr1S(S*-!> 


KJ 

i 


In  the  brackets  is  obtained  the  coefficient  when  L,  in  formula  (11). 


Haight  in  system  n  bases  can  be  represented  in  the  form  cf  the 
linear  combination  of  the  weights  cf  two  subsystems  (n-1)  of  the 
bases/bases: 

i  *-t  .  »— 1 

*  ,mt  J- «  ' 

Since  the  ordering  of  system  nowhere  was  specified,  it  is  possible 
instead  of  pt  to  take  another  basis/base  p*  and  instead  of  Pn  -  any 
basis/base  p],  except  pi. 


Thus  weight  in  system  n  of  bases/bases  can  be  represented  in  the 
fora  of  the  linear  combination  cf  the  weights  of  subsystems,  formed 
by  exception/elimination  cf  cne  cf  the  basis  cf  the  system: 

1  ■ 

^  *  -f-fo,* . »-j.  »+i . »(n  (E,—  E*)T^u . *-i,  »•*■!,. 

* 


Page  185 


DOC  =  81024109 


PAG? 


The  weight  of  a  number  in  the  systam  of  twc  bases/bases  pt  ar.d 
p2  is  determined  from  the  formula 

W^Ly-Lt. 

Height  of  a  number  in  system  n  cf  the  bases/bases 

a 

w=  2 
*- 1 

Express  is  the  weight  of  a  number  in  system  n  of  the  bases/bases 
through  the  weights  of  the  subsystems  of  two  bases/bases: 

w=*  \yLy+  W»+ 

a— I 

*-i 

Latter/last  component /term/addend  is  obtained  on  the  basis  of 
the  equality 

Using  this  equality,  we  will  obtain 

•  •  •  i.»— I — (In-y+KW  a— t.a— 1 — ^,1^,— 1.,. 

BBFBREtfCES 
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Ose  of  threshold  eleaents/cells  in  sone  logic  circuits. 

B.  V.  shevkoplyas,  B.  Zh.  Yerzhanow,  Tu.  To.  Chicherin. 

is  is  known,  the  nse/application  of  threshold  elesents/cells 
daring  the  constraction  of  logic  circuits  in  n  nanber  of  cases 
ensures  the  considerable  decrease  of  a  total  nuaber  of  usable  logic 
valwes/gates,  and  also  is  decreased  the  depth  of  logical 
networks/grids  £  1  ].  There  is  a  series/ro*  of  diagraas  on  the 
threshold  eleaents/cells,  such,  as  flip-flops,  decoders,  adders, 
shift  registers  and  so  forth  [2,  3,  *]•  However,  the  possibilities  of 
using  the  threshold  elenents/cells  in  the  scheeatics  of  autoastioa 
and  coaputer  technology  for  the  purpose  of  their  sinplificatian, 
increase  in  the  reliability  and  high  speed  far  are  not  exhausted. 

In  the  present  work  are  exaained  the  following  dewices/eguipaent 
on  the  threshold  eleaents/cells:  highly  stable,  that  corrects  highly 
stable,  the  controlled  restoring  organ/control. 
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Highly  stable  device/equipaent.  (forks  [5,  6]  examine  the 
principles  of  the  construction  of  the  highly  stable  nenory  elements, 
made  on  the  logic  circuits  AND,  OB,  NOT  and  their  combinations.  Such 
memory  elements  work  in  the  straight/direct  or  reverse  unitary  cods 
and  prove  to  bm  very  efficient  during  the  construction  of  some 
dev  ices /equipment  [6].  Homever,  since  the  known  elements/cells  are 
nonsynchronizad,  during  the  construction  of  such  devices/equipaent 
into  their  input  circuits  are  built-in  the  untying  valves/gates  of 
the  type  AID-MOT/OH-BOT,  which  leads  to  a  reduction  in  the  high  speed 
and  to  a  considerable  increase  in  the  nueber  of  logic  eleaents.  This 
deficiency/lack  is  reaoved  during  the  use  of  the  proposed  diagrams 
(Pig.  1,  2). 

Figure  1  shows  the  diagram  of  the  synchronized  highly  stable 
device/aquipment,  intended  for  storing  the  information,  represented 
in  the  straight/direct  unitary  code.  Diagram  is  constructed  on  the 
inverting  threshold  elements/cells  (PEI,  PB2,  ••«,  PBn) ,  which  have 
threshold  T*2  and  following  weights  of  Inputs:  w1*1,  w2=2. 

Page  187. 

Input  inforaation  (xl,  x2,  ...,  xn),  represented  in  the  reverse 


unitary  code,  is  fed  to  the  "single”  input  of  the  corresponding 
threshold  eleenats/ cells.  The  signal  of  synchronisation  r  is  fed  to 
each  threshold  eleaent/cell  with  weight  vl  which  has  n- 1  input  with  a 
weight  of  w2,  connected  with  the  outputs /yields  (zl,  z2,  ...,  zn)  of 
reaaining  elenents/cells. 

In  the  node/conditions  of  storage  of  infornation  (1*0)  on  one  of 
the  outputs/yield8  of  device/eguipnent  is  preserved  logical  1,  and  on 
the  others  -  logical  0.  This  state  is  stable  and  does  not  depend  on 
the  values  of  input  inforaatlonal  signals.  Is  actual/real,  logical  1, 
preserved  on  one  of  the  outputs/yields  of  device/eguipaent,  it  acts 
on  the  input  of  reaaining  threshold  elenents/cells  with  the  weight, 
equal  to  threshold,  which  ensures  the  appearance  of  logical  ones  with 
0  at  the  reaaining  outputs/yields  cf  the  de vice s/eg ui pee nt  which,  in 
turn,  are  fed  to  the  input  of  the  unexcited  eleaent/cell  in  gnestion. 
Input  inforaatlonal  signals  cannot  change  the  state  of  the  unexcited 
eleaent/cell,  since  the  corresponding  weighted  sub  lies/rests  below 
the  threshold  of  this  eleaent/cell. 
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Pig.  1. 


Y 


Pig.  1.  Highly  stable  device/equipaent  (first  version). 

Pig.  2.  Highly  stable  device/equipaent  (second  version). 
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In  the  nod»/conditions  of  the  recording  of  infornation  T»1  the 
thresholds  of  all  elenent s/cells  seeningly  are  reduced  to  units, 
which  ensures  the  passage  of  new  infornation  to  the  outpot/yield  of 
device/equipnent.  During  the  supplying  of  logical  to  0  to  the 
synchronizing  input  Y  new  infornation  is  seaocized. 
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Figaro  2  shows  tho  analogous  diagraa,  which  accepts  the 
inforsation,  represented  in  the  straight /direct  unwary  code  (xl,  r  2, 
.,.i  xn)  •  The  waights  of  the  inforsational  input  w 1=  1,  of  the  weight 
of  the  input  of  feedback  wn>a«  the  weight  of  synchronizing  input 
u'(n-l)  =*n-1,  tho  threshold  of  elesent/cell  T  are  equal  to  the  nusber 
of  input  variables  n. 


Corrective  highly  stable  devlce/equipaeat.  For  the  correction  of 
the  errors,  which  appear  in  the  input  inforaatioa,  can  be  used  the 
principle  aultichannel  redundancy,  which  requires  the  introduction  of 
special  restoring  organs/controls  [7]  to  the  input  of  highly  stable 
device/equlpaent,  which  leads  to  an  increase  in  the  eguipnent 
expenditures  and  to  a  reduction  is  the  high  speed  of  this 
device/equipnent.  However,  in  the  threshold  base  this 
device/equipaent,  which  coabines  the  functions  of  synchronizing  and 
restoring  organs/coatrols,  can  be  constructed  with  a  ainiaua  nun bar 
of  logic  elenents  (Fig.  3). 

Input  signals  are  represented  by  k  channels  in  each 
infornational  direction  where  k«21*1,  1  -  aultiplicity  of  correctable 
errors,  ill  threshold  eleaent  s/cel  Is  (PEl-PEn)  have  the  identical 
threshold  T*2k»1.  Heights  of  the  inforsational  input  w1*1,  the  weight 


I 


V.t 


DOC  *  81024110 


of  the  input  of  feedback  w(T)*T,  Might  of  lock  inputs  v(l»l)*l»1. 

In  tho  prtstncs  of  synchronising  iapulse/aoaentua/pulse  (T»1) 
•sch  threshold  elenent/cell  realizes  a  so  lac  t  ion  of  iaforaatioa  on 
the  "majority"  of  input  signals,  After  the  tacaination  of 
synchronising  pulse  the  corrected  inf or nation  (si,  s2,  . ..,  sn)  is 
naaorized.  Thus,  is  adnissible  presence  lsn  of  the  errors  in  the 
input  iaforaatioa  iuriag  their  even  distribution  according  to  the 
digits. 

A  siailar  diagran  can  be  coa struct ad  for  the  correction  of 
information,  represented  by  the  straight /direct  unitary  surplus  code. 
However,  in  this  case  considerably  increases  the  nuaber  of 
inforaational  input  and  rise  the  thresholds  of  eleeents/cells. 

controlled  restoring  organ/ccntrol.  The  soundness  of  surplus 
structures  with  the  restoring  orgnns/coatrols  is  nonitored  with  the 
help  of  special  diagrans  [7].  The  proposed  diagran  (Pig.  4}, 
connected  to  tha  out put/yield  of  aurplus  structure,  which  consists  of 
k  of  identical  devices/equipeent,  ccabines  renewal  functions  with  the 
functions  of  tha  detection  of  the  errors,  which  appear  in  nny  of 
logical  units. 
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Diagraa  contains  k  nonin vert log  threshold  eleaents/cells  PEI, 
PE2,  ...»  PEk,  to  input  of  which  ars  fad  control  signals  <1,  c2  (with 
weights  w  1=  1  an!  w(21-l)  =21-1;  respectively)  and  the  international 
signals  xl,  x2,  xk,  represented  by  the  direct  neanings,  with 

weights  w2*2  or  w3*3  (Pig.  4) .  The  thresholds  of  eleaeuts/cells  are 
identical  and  egnal  to 

In  the  nods/condltions  of  infornation  retrieval  c1*1#  c2=0,  in 
this  case  the  devica/eqnipaeat  fulfills  the  functions  of  ordinary 
restoring  organ/control  (7]. 

la  the  aod ft /conditions  of  the  detection  of  false  xero  cl=c2»0, 
in  the  aode/conditions  of  the  detection  of  false  unity  cl«c2»l.  in 
this  case  the  device/eguipaent  transnits  erroneous  input  one  or  xero 
to  the  appropriate  oatput/yield  of  device/iguipaeat. 

The  use/application  of  siailar  restoring  organs/controls  in 
aaltistage  reserved  logical  units  TsfB  [  IJBM -  digital  coaputer]  Bakes 
it  possible  to  discover  and  to  consecutive! y/serially"  aove"  an  error 
for  any  type  to  the  out  pet/yield  ef  device/e gulp neat  with  the  help  of 
the  autoaatically  aade  test  progress. 


i 


1 
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Pig.  3.  Pig  4. 


Pig.  3.  Coer act Its  highly  stable  device/e quip sent . 

Pig.  4.  Coat  roll  ad  restoring  device. 
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cooperative  a  valuations  of  the  expenditures  of  egeipeent.  The 
threshold  logic  eleaents*  utilised  in  diagraes  exaaiaed  above,  can  be 
realised  on  the  basis  of  resist cr-transistor*  tunnel-  transistor* 
optical-electronic  and  other  diagraes  depending  on  the  reqnired  high 
speed*  the  required  poner*  freedos  froa  interference*  etc.  In  this 


DOC  *  81024110 


PAGE, 


case  logical  comparators,  const  racted  on  the  uni  fora  components,  for 
example,  on  the  diagrams  of  DTL  and  on  the  threshold  ele neat s/cells, 
which  contain  diode-resistor  linear  adder  and  transistor 
discriainator.  for  simplicity  let  us  coapare  the  expenditures  of 
equipnent  for  the  analogous  diagrams,  constructed  on 
resistor-transistor  Boolean  and  threshold  ele sent s/cells. 

Figure  5  shows  the  exanple  to  the  realization  of  diagram,  given 
in  figure  1,  on  resistor-transistor  threshold  elenent&'cells.  Diagran 
contains  18  resistors  and  3  transistors.  The  analogous  diagram, 
constructed  on  the  eleeents/cells  of  the  type  "logic",  contains  21 
resistors  and  15  transistors.  It  is  possible  to  show  that  the 
diagrams,  given  in  Figures  3  and  4,  even  more  differ  significantly 
froe  the  appropriate  diagrams,  constructed  on  the  Boolean 
elements/cells,  since  in  then  entirely  are  used  the  corrective 
properties  of  threshold  elements/cells. 


L 
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Pig.  5.  Bxanple  to  the  realizations  of  highly  stable 
device/equipnent. 
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Abstracts. 

pages  3-11. 

• 

It  is  shown  that  DZO  of  prograa  with  the  help  of  integral 
technology  can  be  carried  out  on  the  sane  physical  basis,  as 
computational  units  of  TsVH.  This  will  lead  to  an  increase  in  the 
high  speed  of  special-purpose  TsVH. 

Illustration  4,  References  2. 

Pages  12-27. 

Article  is  dedicated  to  questions  of  construction  and  research 
of  different  functional  dependences  taking  into  account  the  specific 
character  of  deductions  concerning  aodul us/nodule  p,  since  precisely 
these  questions  play  principal  role  in  construction  and  use  of 
systass  of  noaograas  in  SSOK. 

Illustration  7,  References  4. 
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Pages  28-37. 


Article  is  dedicated  to  construction  and  research  of  noaograas 
froa  the  adjustsd  points  in  the  deductions  on  aodulus/aodule  p  whose 
scales  and  resolving  straight  lines  are  constructed  in  the  deductions 
according  to  nodule  p.  This  aakcs  it  possible  to  reduce  periodicity 
on  the  scales  and  gives  the  possibility  to  use  noaograas  for  the 
reverse  operations. 

Illustration  3#  References  5.  _ 

Page  192. 

Pages  38-50. 


Is  proposed  the  aathenatical  aodel  of  the  process  of  heating 
aetal  in  the  soaking  pits  of  rolling  departaent.  on  the  basis  of  the 
constructed  aodel  of  object  is  reproduced  one  of  the  used  in  practice 
aodes/conditions  of  heating  aetal  in  the  soaking  pit. 

Illustration  3,  References  14. 


Pages  51-64 
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la  the  article  are  exaained  the  versions  of  the  construction  of 
the  self-correcting  codes  with  the  use  of  the  finite-difference 
diagraa  due  to  the  specific  behavior  of  finite  differences  in  the 
higher  orders  and  is  given  generalization  of  this  principle  of 
engineering  the  self-correcting  codes. 

References  2. 

Pages  65-73. 

Is  exaained  the  nethod  of  the  decoding  of  the  nonpositional 
code,  based  on  obtaining  of  a  difference  in  the  reaainder s/residues 
in  the  control  base s/bases  with  the  parallel  rounding. 

References  8. 

Pages  74-79. 

In  the  article  is  exaained  the  unparallel  nethod  of  executing 
the  operation  of  rounding,  based  on  specific  ratios  between  the 
working  and  surplus  ranges  of  the  representation  of  nuaerical 
inforaation. 


References  4 
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Pages  80-82. 

Article  is  dedicated  to  use  of  one  of  the  heuristic  aethods  of 
the  selection  of  the  structure  of  the  natvork/grid  of  the  exchange  of 
infornation  in  connection  with  RSVTs  of  Kazakh  SSR. 

References  2. 

Pages  83-90. 

In  the  article  is  exaained  the  probles  of  the  optiaization  of 
exchange  systsas  by  infornation  on  stochastic  nodels.  For  the  purpose 
of  the  decrease  of  a  quantity  of  experiaents  is  proposed  the 
algor itha.  which  varies  the  principle  of  search  in  the  process  of 
optiaization. 

Illustration  1#  References  3. 


Pages  91-96 
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la  the  article  is  exaeined  the  nethod,  which  allows  on  the 
actual  location  component  in  the  disorder  to  detereine  its  nuaber, 
and  to  also  solve  inverse  problea. 

References  3. 

Pages  97-103. 

Is  exaainei  the  corrective  P(n*  k)-code,  nonpositional  by  its 
natare  and  provided  by  positional  properties  due  to  the  introduction 
of  positional  characteristics. 

References  3. 

Page  194. 

Pages  104-114. 

In  the  article  is  ezaained  the  structure  of  the  special- pur pose 
aagaetic  drua.  which  nates  it  possible  to  realize  rapid  Fourier 
trass fora. 

Illustration  7,  '(able  2,  References  2. 
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Pages  115-119. 

Is  exaeined  ths  task  of  the  options  planning /gliding  of  the 
graph  of  the  issue  of  Beltings  in  the  section  "steel  foundries  -  the 
isolation/e  volution  of  soaking  pits"  netallur  gical  conbine.  The 
quality  of  planping/gliding  is  considered  on  the  statistical  nodel  of 
the  section  in  question. 

References  3. 

Pages  120-125. 

Is  realized  the  separation  of  eany  a  peres/vertexes  of 
n-dinensional  bLnary  cube  into  the  classes  of  equivalency. 

Is  described  the  algoriths  of  the  detarsinatioa  of  a  nuaber  of 
apexes/vertexes  of  the  classes  of  equivalency  with  the  use  of  an 
apparatus  of  the  theory  of  generating  functions.  Is  indicated  the 
principle  of  the  single-valued  nusbering  of  the  els sent s/cells 
indicated. 

References  5. 


Page  195 
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Pages  126*139. 


Is  shown  the  possibility  of  using  the  seties/row  of  the  fotnal 
procedures  of  adaptive  approach  for  the  solution  of  the  problens  of 
guaranteeing  the  aaterial  and  technical  supply  within  the  fraaework 
of  the  systen  of  Glavsnab  of  KazSSR.  It  is  noted  that  the  realization 
of  approach  is  possible  only  with  the  use/application  of  coaputers 
within  the  fraaework  of  ASU  of  trench. 

Illustration  1,  References  7. 

Pages  140-145, 

In  the  article  is  ezaained  nuaeration  systea,  the  weight  of 
which  is  a  recurrent  sequence  of  the  type  of  Fibonacci's  nuabers.  Is 
shown  the  possibility  of  the  separation  of  nnabers  into  the  groups  of 
digits  that,  so  that  daring  the  addition  there  is  no  transfer  froa 
the  group  into  the  gronp. 

Table  2.  References  5. 


Pages  146-149 
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III  the  article  is  exaeined  one  aodal  of  the  coapression  of  the 
information,  realized  on  coaputars  BESH- 3H.  Nodal  is  based  on  tha 
principle  of  the  place  value  of  storage  of  digital  inforaation. 

Illustration  2. 

Pages  150-158. 

In  the  article  are  represented  statistical  nodels  of 
coaaunications  for  exchange  systems  by  inforaation,  imitating  steady 
functioning  taking  into  account  the  divarsa  variants  redundancies. 
Nodels  are  regulated  in  the  increasing  coaplexity.  Are  given  the 
descriptions  of  the  algorithas  of  aodels  and  their  prograa  in  the 
language  of  SLANG-systea. 

Illustration  5#*Table  1#  References  3. 

Page  196. 

Pages  159-161. 


In  the  article  is  represented  the  algorithn  of  the  evaluation  of 
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the  flexibility  of  coaaunication  network  with  tha  parallal 
edges/fins,  using  altarnats  rootas  ef  tha  traosaissioa  of  infocaation 
froa  tha  sourca  in  tha  discharge. 

Bafarancas  4. 

Pa gas  162-169. 

Is  given  and  is  traced  tha  algoritha  of  tha  calculation  of 
elaaantary  functions  with  tha  help  of  tha  tables  in  tha  aonpositioaal 
nuaaration  systea. 

Pages  170-185. 

In  the  article  is  exaained  the  change  in  sons  weakly-positional 
systaas  of  tha  iaportant  integral  characteristic  of  a  nuaber,  called 
weight,  change  with  an  increase  in  tha  nuaber  of  basis  of  upper  bound 
of  tha  weight  of  a  nuaber.  designated  by  D,  and  also  dependence 
between  tha  weight  of  a  nuaber  in  the  systea  and  the  subsysteas. 

Bafarancas  2. 


Pages  186-190 
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work  exaaines  questions  of  the  construct ioa  of  sous  logic 
circuits  on  tbs  threshold  ele  Bent  s/cells:  tbs  synchronized  highly 
stable  devices/equipaent  with  the  correction  and  without  the 
correction  of  errors,  restoring  organs/controls,  which  eoabine  the 
functions  of  the  correction  of  errors  with  the  functions  of  check. 

Is  shown  the  efficiency  of  the  use  of  such  dia grass  in  the 
dewices/eguipsent  of  antoeation  and  cosputer  technology. 

Illustration  5,  References  7, 

Pages  197-198. 

Mo  typing. 
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